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Abstract 
As the number of passengers flying, and the frequency with which they fly, 
increases, there is a need to ensure that they can navigate their way quickly and 
efficiently through airport terminals. To facilitate this process, airports can apply the 
principles of intuitive navigation, a concept which this research has examined in 
detail. 
In this research, 44 participants, wearing eye-tracking glasses, navigated 
through departures at two Australian international airports. Results show that 
passengers can intuitively navigate within airports and that intuitive navigation is 
facilitated by familiarity. Passengers with greater familiarity with airports and similar 
environments were found to spend more time intuitively navigating than those with 
less familiarity. Thus, to ensure that all passengers can navigate easily, airports need 
to ensure that passengers with low contextual familiarity can also navigate 
intuitively. 
To provide the conditions for intuitive navigation, there is a need to first 
understand the Navigation Interaction that occur between the navigator and the 
environment. Airports can be complex environments, with a number of processing 
activities such as check-in, security, customs and the boarding gate to navigate. The 
study identified two types of destinations to which passengers navigate: (i) Flight-
defined Destinations, and (ii) Combined-passenger Destinations. Results show that 
passengers can encounter problems when navigating to either type of destination. 
This research has also shown how people navigate using a range of key 
elements, with varying levels of intuitive use. These elements fall into two 
categories: (i) Location-defined Elements, and (ii) Signage/Non-signage/Mixed 
Elements. With knowledge of these key elements, it is possible to identify which are 
required to assist navigation to a particular airport location. 
It is suggested that airports could benefit by providing intuitive Signage 
Elements for passengers, and by ensuring that other elements, including Non-
Signage and Mixed (Signage and Non-Signage) Elements, can also be used 
intuitively. Additionally, the study identified five Navigation Activities, which 
viii   
provide a simplified way of understanding what occurs and which key elements are 
useful during the Navigation Interaction. 
A Navigation Framework was subsequently developed. This framework 
incorporates the Navigation Interaction and the elements that can play a role in this 
navigation, including the navigator, their personal items, the environment, and other 
people. This framework can be used by designers and planners to improve and 
facilitate intuitive navigation in airports. 
While this research focussed on the airport environment, the results have 
implications for other large spaces in which people navigate, including transportation 
terminals, hospitals and shopping centres. An understanding and facilitation of 
intuitive navigation has the potential to make every-day navigation easier for 
everyone. 
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Chapter 1: Introduction 
How people intuitively navigate airports is a complex subject that has received 
little in-depth study to date. This research aims to add a new dimension to the field of 
intuitive navigation by exploring how it is affected by familiarity, and the elements 
that enable it, in the airport context. 
This chapter outlines the background and context of the research. It formulates 
the research question, answers to which can provide new insights into the issue. The 
aims and objectives of the research are then given, and these are followed by a 
statement of the contribution of this research to new knowledge in its field. Finally, a 
summary of the remaining chapters of the thesis is provided. 
1.1 NAVIGATION IN AIRPORTS 
Airports have grown from sheds in airfields to large and complex 
organisations, providing both entry and exit points into cities. Due to increasing 
passenger numbers, many airports have grown to sizes that are similar to small cities 
(Fewings, 2001). To board a plane, there are activities that passengers are required to 
undertake, including the required processing activities such as check-in, and 
discretionary activities such as shopping (Popovic, Kraal, & Kirk, 2010). To 
complete these activities, passengers must navigate the airport to the areas where the 
specific activities are performed. 
Some passengers can have difficulty navigating airport terminals (Fewings, 
2001; Tam & Lam, 2004). What appears to be a simple task, arriving at the airport 
and getting to the correct boarding gate on time, becomes a multi-step process that 
passengers undertake. As many passengers do not fly on a monthly or even yearly 
basis, let alone on a daily or weekly basis, their opportunities to learn the required 
steps are limited. Even experienced passengers can face difficulty when using an 
unfamiliar airport. A passenger who makes a mistake navigating can have a poor 
experience in the terminal, and might even delay or miss their flight. This can be 
costly for the airline, and inconvenient for the passenger. Indeed, passengers who 
find an airport difficult to navigate might avoid using that airport again, even if they 
do manage to board the flight as scheduled. If enough passengers avoid using a 
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particular airport, this will affect not only the airport, but the airlines that use that 
airport. 
Delayed flights, particularly those delayed due to passengers not being at the 
boarding gate on time, have implications for passengers, airports and airlines. They 
not only affect those particular flights, but can also affect other flights and airports 
through compounded delays and missed connections. Rhodes (2010) cites Colin 
Lippiatt (manager of public affairs for the Virgin Blue group of airlines), who 
identified that 2.7% of Virgin Blue flights are delayed due to boarding-related issues. 
There are also financial implications for airports, as the more time passengers spend 
deciding where to go, the less time is available for them to spend money in retail 
areas, and those who encounter difficulty or stress might be less inclined to make a 
purchase. While there is the obvious potential for airports to benefit by providing 
easy and effective passenger navigation, it seems there is little research showing how 
to provide it. Ensuring that passengers can easily navigate the airport requires a 
deeper understanding of the navigation process.  
To begin with, there are two broad areas that impact navigation: (i) 
environmental aspects and (ii) human factors. Environmental aspects that can affect 
navigation within an airport terminal include building design, internal layout, internal 
design elements, the number of decision points, the length of corridors, the number 
of level changes, the length of the chosen path, and signage (Churchill, Dada, de 
Barros, & Wirasinghe, 2008; Fewings, 2001). Human factors, on the other hand,  
include a passenger’s familiarity with the environment, the type of navigation 
strategies they use and their navigational ability (Seidel, 1982; Xia, Arrowsmith, 
Jackson, & Cartwright, 2008). Other people in the airport environment, including 
staff and other passengers, can also play a role in navigation. Passengers can also 
have paperwork or mobile devices which contains navigation information, such as a 
boarding pass, provided by the airline.   
Recently, a number of airports have begun to provide navigation information to 
passengers that can be accessed through mobile devices such as mobile phones and 
tablets. While some elements that could be used to navigate the terminal have been 
identified (Churchill, Dada, de Barros, & Wirasinghe, 2008; Fewings, 2001), there is 
no research identifying those elements that passengers use to navigate intuitively. To 
address this research gap, this research examined the elements that enable a 
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passenger to intuitively navigate an airport terminal. Areas explored included: how 
people navigate, both in every-day settings and in airports; which elements have an 
impact on their intuitive navigation; and how familiarity contributes to the process.  
1.2 GROWTH IN THE NUMBER OF PEOPLE FLYING 
Many airports have continued to see growth over the past decade, despite 
issues such as the September 11 terrorist attacks and the global financial crisis 
(Mather, 2012). Indeed, at Brisbane International Airport, passenger numbers almost 
doubled between 2000 and 2010, with a yearly increase  ranging from 2 680 299 to 4 
287 681 (Brisbane Airport Corporation, 2012). During the same period, Melbourne 
International Airport saw passenger numbers increase from 2 990 000 to 5 540 000 
(Melbourne Airport, 2012).  
According to a report by the Bureau of Infrastructure, Transport and Regional 
Economics (2010), future air passenger movement through capital city airports is 
expected to increase by 4.2% a year over the next 21 years. Between 2008-09 and 
2029-30, passenger movements in Australia are expected to grow from 98.3 million 
movements per year to 235 million (Bureau of Infrastructure, 2010). Combining 
figures for domestic and international terminals, it is envisaged that passenger 
numbers at Sydney airport will increase from 36 million in 2011, to around 79 
million by 2029 (Mather, 2012). 
Other developed economies continue to see passenger numbers increasing. In 
America, the number of international passengers processed between 2000 and 2010 
grew from 134 million to 163 million—an approximate growth of 22% in that period 
(Bureau of Transportation Statistics, 2012). In Britain, a two- to three-fold increase 
in the number of passengers passing through airports between 2003 and 2030 is 
projected (Department of Transport, 2003).  
Globally, by 2034, the number of passengers flying is expected to be double 
the number who flew in 2014 (IATA, 2014). There are a number of factors driving 
the growth of passenger numbers, including increasing living standards, increasing 
population and an increase in the availability of affordable services (IATA, 2014).  
An increase in passenger numbers from emerging economies, including the Middle 
East, Asia-Pacific and South America, is also forecast (IATA, 2014).  
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Another factor is newer generation aircraft, which are both larger and quieter, 
and are transforming airport usage (Mather, 2012). In 1976, an average of 129 
passengers flew on each international flight, while in 2011, the average number of 
passengers on each flight increased to 190. Furthermore, it is forecast that, by 2030, 
the average will have increased to 290 passengers per flight (Mather, 2012).  
Clearly, airports of the future face two significant challenges: (i) an increase in the 
number of passengers flying, and (ii) an increase in the number of passengers aboard 
each flight. The following section explores future airport design that will need to 
cater for this passenger influx. 
1.3 FUTURE TERMINAL DESIGN CHALLENGES 
With the projected increase in the number of passengers (Bureau of 
Infrastructure, 2010; Bureau of Transportation Statistics, 2012), and the likely 
increase in the number of passengers per flight (Amadeus, 2012; Mather, 2012), 
airports potentially face a number of issues.  
One of these issues is the physical accommodation of passengers in the 
terminal. Airports  have to examine how they can move passengers through the 
airport in a controlled manner, to avoid bottlenecks in busy areas. With increased 
numbers of passengers per flight, it is likely that more people will arrive at the 
airport at the same time, check-in at the same time, move through security and 
customs at the same time, and congregate around the boarding gate at the same time. 
With more passengers on the same flight, the areas around the boarding gates might 
need to be increased in size to physically accommodate their increased numbers.  
While airports of the future must deal with the projected increase in the total 
numbers of passengers using the airport and the projected increase in the number of 
passengers per flight, this could have significant implications for passengers’ 
navigation within the terminal. There are two main alternatives to address this issue. 
The first is to increase the size of the terminal, so that it can physically accommodate 
a greater number of passengers. The second, as outlined by Harrison (2012), is to 
improve the efficiency of passenger processing; that is, to reduce the time each 
passenger spends in the airport and/or within processing activities. However, both 
alternatives have limitations.  
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Airports in the future will be limited by the physical constraints of the 
terminals (Department of Transport, 2003). Physical constraints can include the 
amount of land the airport can develop, the physical size of the terminal building, 
and the infrastructure to get people to and from the terminal. With the projected 
increase in passenger numbers, as well as the projected increase in the number of 
passengers per flight, there is often disagreement and delay in many cities over the 
building of a second, or even third airport (for example, there is the debate over 
whether Sydney should have a second major airport). While some airports might be 
able to increase the size of the terminal, many airports are limited by the amount of 
land available. Another option is to increase the vertical size of the terminal, 
expanding with an increased number of levels, either into the ground or into the air. 
Either solution—expanding the plot size or the number of levels—could present 
navigation issues for passengers, for example, by requiring them to walk further for a 
longer period of time through the airport to get to the gate. Additionally, either 
solution might be both difficult and costly for the airport.  
The alternative means of addressing the issue of increasing passenger numbers 
is to improve the efficiency of passenger processing to decrease the amount of time 
they spend in the terminal (Harrison, 2012). Currently, passengers are required to 
arrive at the airport at a certain time—for example, 2 hours—before their flight 
departure. This results in the airport having to accommodate passengers for a 
significant amount of time before the flight. By decreasing the amount of time it 
takes for each passenger to complete the required processing activities, however, it 
might be possible to reduce the amount of time a passenger arrives at the airport 
before their flight. For example, with a decrease in the processing time, a passenger 
might only have to arrive one hour before their flight departs. This could enable 
airports to increase the turnover of passengers without having to increase the amount 
of space allocated to them.  
This second solution has implications for passenger navigation. Decreasing the 
amount of time a passenger spends in the airport, potentially reduces the amount of 
time they have to navigate the airport. This also means that passengers who make 
navigation mistakes will have less time to correct these mistakes. If passengers have 
a reduced amount of time to get to the boarding gate, ensuring easy passenger 
navigation will need to be a primary focus for airports of the future. 
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One likely limitation on improving the efficiency with which passengers are 
processed is the need to have them at the boarding gate prior to the flight departing. 
With the projected increase in the number of passengers per flight, the amount of 
time required to board all the passengers might be difficult to reduce, and the total 
amount of time needed could even increase. Thus, airports and airlines of the future 
will need to explore new ways in which passengers board planes, such as increasing 
their number of access doors. As a consequence, passengers might be required to 
navigate to specific areas within the boarding gate area; this would result in a 
passengers having to complete yet another navigation task. Thus, airports of the 
future could present new navigation challenges for passengers, in addition to those 
that currently exist. 
An issue with airport terminals is that they are constructed to meet current and 
envisioned needs. These envisioned needs can change over time, and terminals can 
be altered in a fragmented or uncoordinated fashion (Fewings, 2001). Altering the 
terminal, however, can potentially have a significant impact on how it is navigated, 
and passengers can often experience difficulty if facilities have been rearranged since 
their last visit (Mollerup, 2005). Paths can be altered, directions can shift, and even 
building levels can be added or removed. A better understanding of the information 
passengers need to effectively and efficiently navigate the terminal will not only 
benefit new airports, it could also benefit existing airports that need to transition 
passengers through a reorganised terminal. 
According to a survey by Amadeus (2012, p. 20), one of the main factors of 
passenger stress and unhappiness is “inefficient streamlining of the core passenger 
journey from check-in to boarding.” This stress could be ameliorated by changing 
future needs. Terminal architecture, for example, could be affected by a number of 
factors, such as the elimination of check-in areas, a reduction in baggage being 
carried, changing retail and dining trends, and larger aircraft (Amadeus, 2012). Both 
airports and airlines will also need to adjust to increased numbers of elderly and 
mobility-impaired passengers (Department of Transport, 2003). However, while 
airports and airlines might be able to streamline some required processes in the 
future, passengers are still likely to have to undertake certain processes, such as 
passing through a security checkpoint, or checking in luggage that cannot be carried 
onto the plane. Whatever the changing scenarios, improving the navigation 
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experience for passengers is likely to assume increasing importance for airports in 
the future. 
1.4 INTUITIVE NAVIGATION IN AIRPORTS 
To address the future challenges discussed above, airports need to provide 
passengers with efficient and effective navigation. It is well established that intuitive 
use of technology products is linked to familiarity with the features of 
products/systems or similar products/systems (Blackler, 2008; Hurtienne & Blessing, 
2007; O'Brien, Rogers, & Fisk, 2008). Applied to the airport setting, there are 
passengers who use a particular airport more frequently than other passengers, or use 
a range of airports more frequently. This means that passengers with more familiarity 
could navigate more intuitively than passengers with less familiarity. 
To foster passengers’ intuitive navigation, airports will need to understand 
what elements contribute to such navigation. As familiarity is a key factor in intuitive 
interaction, understanding the navigation of passengers with varying levels of 
familiarity is important for airports of the future. (The role of familiarity in intuitive 
interaction is discussed in detail in Section 5.1.) 
1.5 RESEARCH QUESTIONS 
Currently, there is a lack of knowledge of how passengers navigate within 
airport terminals (Fewings, 2001; Seidel, 1982). To address this deficit, this research 
investigated the following research question: 
• What elements enable passengers to intuitively navigate an airport 
terminal? 
The research also investigated the following sub-question: 
• How does passengers familiarity impact on navigation through an airport? 
1.6 AIMS AND OBJECTIVES 
The aim of this research was to gain a deeper understanding of passenger 
navigation within airport terminals. In achieving this aim, the main objectives were 
to understand the elements involved in navigation, and to develop an understanding 
of how familiarity contributes to passengers’ intuitive navigation within airport 
terminals. This research can inform the improved design of airport terminals to 
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provide an intuitive navigation experience for a greater number of passengers. This 
will not only benefit passengers, but will also be beneficial to the general operations 
of airports and airlines. 
1.7 CONTRIBUTION TO KNOWLEDGE AND OUTCOMES 
This research makes several significant contributions. The first major 
contribution is the advancement in the knowledge of intuitive navigation. The second 
contribution is the provision of knowledge that assists in understanding the 
complexity of airport terminal navigation. The third contribution is the provision of 
knowledge of, and ways of categorising key elements of intuitive navigation within 
the airport. Fourth, it contributes new knowledge of airport processing destinations, 
and new ways of categorising these destinations. Fifth and finally, it develops new 
methodologies to examine the navigation process.  
The research also contributes two major tangible, novel, and specific outcomes: 
a Navigation Framework that can be used to understand and implement intuitive 
design in airports; and the identification of five Navigation Activities that can be used 
to describe and understand the interactions that occur during navigation. 
1.8 THESIS STRUCTURE 
This thesis presents an approach to understanding if, and how, passengers 
intuitively navigate airport terminals. The approach is designed to investigate how 
various elements enable this intuitive navigation. This chapter introduced the specific 
topic and research question.  
Chapter 2 provides a general overview of the Navigation Interaction between 
passengers and airports, with particular reference to how passengers navigate the 
terminal. Chapter 3 discusses in detail the elements in the airport environment. 
Chapter 4 explores the navigator, and the cognitive and physical abilities they use 
during navigation. Chapter 5 examines the concept of intuitive navigation through 
the lens of intuitive interaction research, and defines the research gap.  
Chapter 6 provides an overview of the data collection methods used to explore 
intuitive navigation within airport terminals. Chapter 7 presents results from Analysis 
One, where intuitive navigation and its link with familiarity are examined. Chapter 8 
provides an examination of how specific environmental elements (defined by their 
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location in the airport) are used to intuitively navigate to destinations. Chapter 9 
examines the use of Signage, Non-signage and Mixed Elements.  
Chapter 10 provides a discussion of the research. Chapter 11 presents a 
Navigation Framework that can be used to assist and provide intuitive navigation 
within airports. This framework is validated in Chapter 12. Chapter 13 concludes the 
thesis with a succinct statement of the research purpose, outcomes and contribution; 
the research limitations; and scope for future research. 
1.9 SUMMARY 
This chapter discussed  the importance of understanding how passengers 
navigate airports. To facilitate this understanding, related research questions, aims 
and objectives were developed. The contributions to knowledge and the outcomes of 
this research were briefly presented, and the thesis structure outlined. The following 
chapter examines the Navigation Interaction that occurs between the navigator and 
the environment in airport terminals. 
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Chapter 2: Navigation in Airports 
To address the challenges associated with providing effective and efficient 
passenger navigation, there is a need to understand the interactions that occur. This 
chapter examines in detail the Navigation Interaction in the airport setting. First, an 
overview of the interaction is provided (Section 2.1); an examination of the specific 
tasks and interactions during navigation in airports follows (Sections 2.2); and a 
detailed discussion of the navigation process (Section 2.3), and identification of 
difficulties that can occur (Section 2.4) conclude the chapter. 
2.1 DEFINING AND UNDERSTANDING THE NAVIGATION 
INTERACTION 
A number of authors—such as Fewings (2001), Churchill et al. (2008), Lynch 
(1960) and Passini (1984))—use the term “wayfinding” as opposed to “navigation”; 
however, the terms are often used interchangeably. Downs and Stea (1977), for 
example, use both terms in their work on the subject. Butler, as cited in Thi Pham 
(2012, p. 1), notes how “Many practitioners describe wayfinding design in terms of 
the navigation of physical space with a strong focus on signage.” An example of this 
is the National Passenger Facilitation Committee (2011) report, which has a strong 
emphasis on signage throughout the document, even though the main focus of the 
document is wayfinding. In the interests of simplicity and consistency, this research 
uses the term “navigation”. 
From the work of a number of authors—including Lynch (1960), Passini 
(1984), Ellard (2009), Mollerup (2005) and Fewing (2001) “navigation” can be 
defined as the movement of people through the environment, utilising perceived 
environmental elements and human cognition to reach an intended destination. For 
humans to survive, movement has been required for many reasons, including the 
need to collect food/water; to avoid predators/danger; to seek shelter/warmth; and to 
reproduce (Ellard, 2009). Movement can be defined “as a change of place over some 
duration of time” (Ellard, 2009, p. 18). This change of place requires the navigator to 
identify a target or area to move towards, or identification of targets or areas to move 
away from.  
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Critical to movement is “ …the process of finding one’s way in the 
geographical or built environment; that is, being able to identify one’s present 
location and knowing how to get to the required destination” (Fewings, 2001, p. 
177). Navigation can be described as a spatial problem solving process, with goals of 
making the journey and reaching a destination (Arthur & Passini, 1992). 
Additionally, navigation can involve “finding a way from a place to one or more 
destinations and perhaps back to the original place” (Mollerup, 2005, p. 27).  
In the airport context, for most departing passengers, there is a common overall 
goal: to make their flight. To achieve this goal, passengers are required to complete a 
series of processing activities such as check-in, security processing, customs and 
boarding the plane. Failure to complete these processing activities results in a failure 
to reach their ultimate goal of boarding a specific flight. While navigating an airport 
does have certain specific requirements, people navigate other settings every day. 
Daily navigation tasks can be as small as moving from the bedroom to the kitchen in 
one’s house or, on a much larger scale, navigating a complex, multi-level building 
such as a hospital.  
People employ a range of procedures and skills to navigate the environment 
(Golledge, 1999). The first priority of most navigation tasks is to successfully reach 
the intended destination (Mollerup, 2005). Depending on the task at hand, this might 
require doing so within a certain time limit, such as is the case when navigating to a 
boarding gate in time to catch a flight. Even if the destination is reached, if not 
reached in time, the navigation task might be deemed a failure.  
Another aspect of navigation is the navigator’s experience. Some tasks might 
be considered to be successfully completed if the experience was good or pleasant. 
Other navigation tasks might be considered unsuccessful if the experience was 
negative, or parts of the experience were negative. While a passenger might navigate 
to a boarding gate in time to catch a flight, the experience could be so poor that the 
passenger might avoid using the same airport in the future.  
To reach a destination, the navigator structures and identifies elements in the 
environment (Lynch, 1960). To achieve this, “there is a consistent use and 
organisation of definite sensory cues from the external environment” (Lynch, 1960, 
p. 3). Passini (1984, p. 46) defines wayfinding “as cognitive processes comprising 
three distinct abilities: a cognitive-mapping or information-generating ability that 
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allows us to understand the world around us; a decision-making ability that allows us 
to plan actions and to structure them into an overall plan; and a decision executing 
ability that transforms decisions into behavioural actions.”  
The Navigation Interaction is shown in Figure 2.1. The concept of elements is 
useful in examining the interactions that occur. The Oxford dictionary (2014) defines 
“elements” as  parts or constituents of a larger group. There are groups of elements 
that form the four key components of the Navigation Interaction: (i) the navigator 
(one person whose navigation experience is the focus); (ii) the environment (the 
space and objects that surround the navigator); (iii) other people (in the immediate 
environment, or who can be contacted outside the immediate environment); and (iv) 
personal items accompanying the navigator. These four components can interact and 
affect the overall navigation experience. 
 
Figure 2.1: Four-component model of navigation 
 
Each of the four components of navigation has its own sub-components. 
Components of the (individual) navigator can be grouped into two main categories: 
(a) physical abilities, and (b) cognitive abilities. Physical abilities include aspects 
such as height, gender, age, and range of movement; and sensory abilities, which 
include vision, hearing, smell, touch and taste. Cognitive abilities include the amount 
of information an individual can process and use; implicit learning capabilities; 
familiarity with the environment at hand; familiarity with other similar 
environments; and the ability to use various navigation strategies.  
 Chapter 2: Navigation in Airports 14 
The second of the four components of navigation is the environment. There are 
a number of environmental elements. These include the immediate space and other 
spaces (size, near/far distance); the distinction of different spaces within an area (are 
the spaces similar or different?); objects in the space (number, types of objects); and 
the organisation/layout of objects in the space. Also playing a role in navigation are 
environmental conditions; these can include variables such as cold and heat, breezy 
or still conditions, and bright or dark conditions. The types of objects in the 
environment can include elements such as signs, information displays, maps and 
mobile devices. It should be noted that these objects do not necessarily aid 
navigation, and can potentially hinder the navigator for a number of reasons (as is 
further discussed). 
The third component of navigation is other people. These include people 
directly in the navigator’s environment: other passengers; a companion or 
companions that the navigator is travelling with; or airport, airline, retail, 
immigration, or security staff. The component could also include people not in the 
immediate environments, such as friends that could be reached by phone. Also, 
depending on the situation, this component could also include other life forms, such 
as guide dogs that assist people with impaired vision. However, most of the time, 
especially in the context of airports, the navigator is interacting with people in that 
environment.  
Classifying people other than the primary navigator is somewhat difficult. It 
could be argued that they should be classified as part of the environment, as the 
navigator can acquire information from other people just as he/she acquires 
information from objects and spaces. The issue arises when considering two or more 
people navigating an environment together, which can often occur (Popovic, Kraal, 
& Kirk, 2009; Popovic et al., 2010). Not only are they each using their own 
knowledge and senses to navigate, they also interact, potentially aiding or inhibiting 
each other’s navigation experience. Additionally, the other people component 
changes more regularly than the environment; for example, when the airport is busier 
or quieter. Therefore, it is easier to classify navigation as having four components: (i) 
the navigator, (ii) the environment, (iii) other people and (iv) personal items 
accompanying the navigator (Figure 2.1). 
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As outlined above, passengers often use and travel through the airport in 
groups of two or more. This group interaction can be a significant factor in 
determining the experiences people have when navigating the airport. Thus, group 
navigation is an important area of study; however, this research focuses on how 
people navigate as individuals. Once individual navigation is better understood, 
group navigation, with its added complexity, can be more easily addressed. 
The navigator can carry personal items that can be used during the Navigation 
Interaction, as later discussed in detail in Section 3.3.1. This becomes the fourth 
category of elements that can be defined, and can include paperwork with 
information related to the navigation task, timepieces or mobile devices. The 
navigator might acquire or use different personal items during navigation to make 
their interaction with the surrounding environment easier. However, the personal 
items can potentially create problems as the result of unclear information/instructions 
and/or a disconnect between the surrounding environment and the navigator’s 
knowledge/expectations. 
This section has provided an overview of the Navigation Interaction and its 
four components: (i) the navigator, (ii) the environment, (iii) other people and (iv) 
personal items accompanying the navigator. 
2.2 COMPLEXITY AND NAVIGATION IN AIRPORTS 
Airports are a complex assemblage of people, government agencies, private 
companies, technology, processes, spaces, artefacts and information (Popovic et al., 
2009). While there are similarities among airports, there are often significant 
differences also, including the size and layout of terminals; the organisation of 
services inside terminals; domestic and international terminals; and integrated and 
separate domestic and international terminals. Differences also extend to the 
activities passengers undertake inside the terminal; for example, some airports 
perform a passport check at check-in, while others require passengers to pass through 
security before customs, as is the case in Australia.  
Not only are there differences among airports, there are also differences among 
the users of airports. There are three main classes of users at an airport terminal: (i) 
the passenger and accompanying persons; (ii) the airlines; and (iii) the airport 
operator (Correia & Wirasinghe, 2008). There are three main reasons to use airport 
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terminals: (i) when departing to a destination; (ii) when arriving at a destination; (iii) 
and when transferring flights. Each of the three tasks involves different activities that 
a passenger is required to undertake (Popovic et al., 2010). For example, a departing 
passenger is required to check-in, while a passenger who is exiting the terminal does 
not have to check-in. At one airport, a passenger transferring planes might only have 
to make it to the next gate on time, while at another, the transferring passenger might 
have to pass through security before boarding their next flight. 
In complex settings, selecting the appropriate information for wayfinding can 
be difficult (Allen, 2000; Arthur & Passini, 1992). Airports are complex settings, 
with multiple signs, advertising and information all competing for the passengers’ 
attention. Additionally, passengers on different flights might have to navigate to 
similar, yet different locations within the airport, such as different check-in desks, 
and different boarding gates. This means that within an airport, there is the potential 
for navigation tasks to vary in complexity. 
There can also be differences in navigation complexity among different 
airports; some are very simple to navigate, while others are very complex. As the 
wayfinding task becomes more complex, so too, the chances of error increase 
(O'Neill, 1991; Passini, 1984). There is likely to be a limit to the complexity of the 
airport navigation experience: airports that are so complex as to seriously hinder or 
inhibit navigation will not function, as passengers will miss flights. Those that are 
reasonably complex will still function, but are likely to have passengers missing 
flights, and to cause many more passengers to have a poor airport navigation 
experience. 
Even though airports have existed for over 80 years, due to changing aircraft, 
passenger numbers and security regulations, there is little consensus on their ideal 
layout. Currently, many differ in size, exterior shape and appearance, and in interior 
spaces and layout. Siedel (1982) recommends the use of a “torso-and-arms” 
schematic for airport terminal designs; however he notes that this recommendation is 
based on inferences. Another limitation of this recommendation is that the processes 
that occur within terminals have changed significantly since 1982. Nonetheless, the 
layout of the terminal can play a crucial role in how easily passengers can navigate 
(Fewings, 2001).  
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Passengers using the airport terminal have a number of tasks to complete 
before boarding a plane. One study listed 27 different airport facilities related to 
airport tasks (Tam & Lam, 2004). These facilities are not necessarily grouped in the 
one area of the airport; rather, they can be spread throughout the airport, requiring 
passengers to navigate between activities. The fact that all passengers do not look for 
all facilities, increases the challenge and complexity of addressing navigation in an 
airport terminal.  
Not only do passengers navigate to various facilities in the terminal, they can 
spend significant amounts of time at airport terminals, especially when waiting to 
board a departing flight, or to make a connecting flight. The total passenger travel 
time can be divided into access time (time taken to get to and from the airport), 
terminal time and air time (Correia, Wirasinghe, & de Barros, 2008) The flight 
between two large cities might only be 500 or 1000 km; thus, the time spent in the 
terminal can be twice as long as time spent in the air (Correia et al., 2008). 
2.3 THE NAVIGATION PROCESS IN AIRPORTS 
Whether they are departing, arriving, or transferring, passengers should be able 
to navigate the airport terminal directly and efficiently (Horonjeff, 2010). It has been 
argued that providing easy and intuitive navigation for passengers should be the 
primary goal when designing and planning airport terminals (Gentry, 2010). A 
number of researchers have identify that passengers can have difficulty navigating 
through departures (Fewings, 2001; Gentry, 2010; Tam & Lam, 2004), and this can 
result in a less than optimal airport experience. Caves & Pickard (2001) state that one 
of the primary concerns affecting passenger experience at a terminal is wayfinding 
ability. Another of the primary concerns that Caves & Pickard (2001) identify is the 
small amount of time available to get to the gate, and the subsequent need for 
passengers to be able to navigate quickly and efficiently. Elements that affect 
navigation in a terminal include building design, internal layout, internal design, the 
number of decision points, the length of the corridors, the number of level changes, 
the length of the chosen path, and signage (Churchill et al., 2008; Fewings, 2001).  
The activities that passengers undertake in the airport can be divided into two 
categories: (i) processing, and (ii) discretionary (Kraal, Popovic, & Kirk, 2009). 
Processing activities are defined as “those which are directly related to conforming to 
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the legal and regulatory requirements that must be followed to get on a plane” (Kraal 
et al., 2009, p. 349). For most departing passengers, there is at least four required 
processing activities: (i) check-in, (ii) security, (iii) customs, and (iv) boarding.  
There are also discretionary activities that only some passengers will 
undertake, such as retail shopping. Discretionary activities can be divided into two 
broad categories: (i) necessary activities, which are travel specific and possibly pre-
planned, and (ii) informal activities, which are non-travel specific (Kraal et al., 
2009). One example of a necessary activity is a passenger obtaining foreign 
currency, while informal discretionary activities include browsing, shopping or 
visiting a café (Kraal et al., 2009). 
Kirk, Popovic, Kraal and Livingstone (2012) refine the taxonomy of passenger 
activities into eight categories, including: (i) processing, (ii) preparatory, (iii) 
consumptive, (iv) social, (v) entertainment, (vi) passive, (vii) queuing, and (viii) 
moving activities. The last category, moving, is highly relevant to the investigation 
of navigation. Kirk et al. (2012) note that moving activities occur throughout the 
airport, with the passenger moving from place to place. 
2.3.1 Processing Activities 
Navigating an airport terminal requires passengers to move through a series of 
stages from check-in to security, to customs, through the retail area and, finally, to 
the gate. Furthermore, they can be encumbered by coats, bags, dependants and 
disabilities (Caves & Pickard, 2001; Kazda & Caves, 2007). Passengers must make 
their way through the airport processes, with their items, within a certain time frame 
and, as Caves and Pickard (2001) note, they often do this within an airport that uses a 
language that is not their first. 
When navigating to a destination, the navigator might divide the task into a 
sequence of sections, and these might be further divided into smaller, more 
comprehensible sections (Mollerup, 2005). Applying this in the airport setting, 
Mollerup (2005, p. 33) describes how “a ‘practical section of a comprehensible size’ 
is a section that the traveller considers a planning unit” where “no further planning is 
wanted, needed, or possible.” Raubal, Egenhofer, Pfoser and Tryfona (1997) 
interviewed people about their spatial experiences while undertaking a simulated 
navigational task. This involved showing them pictures of the Vienna International 
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Airport terminal (Austria). From this research, Raubal et al. (1997) identified the 
main task as going from the departure hall to the gate. For this main task, a 
sequential order of sub-tasks was created (Table 2.1). 
Table 2.1  
Sub-tasks for departing passengers (Raubal et al., 1997) 
 
1a Finding the ticket-counter in the departure hall 
1b Going to the ticket counter 
2 Moving along the departure hall to find the passport control 
3 Going through the passport control 
4a Finding the way to the gate area 
4b Moving from the duty-free area to the gate area 
5a Finding the correct gate 
5b Going to the gate 
 
 
Figure 2.2: Processing activities of departing passengers: modified  (Popovic, Kraal 
and Kirk, 2010) 
 
In comparison to the work of Raubal et al. (1997), Popovic et al. (2010) 
identified the main activities of a passenger on a departing flight (Figure 2.2). This 
taxonomy of processing activities includes security processing, which was not 
included in Raubal et al.’s (1997) series of sub-tasks.   
Kraal et al. (2009) organise the activities into the two broad categories: (i) 
processing, and (ii) discretionary; however, from a navigation perspective, the 
Arrive at 
airport 
Check-in Security Customs Waiting 
area 
Boarding 
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classification is potentially more complicated. For example, when moving through a 
space with discretionary activities, if the main goal of the navigator is to navigate to 
the next processing activity, then it could be argued that the discretionary activity 
they complete is a processing rather than a discretionary activity. To successfully 
navigate the airport, a passenger must complete the required processing activities, as 
well as move through the spaces between these activities. Therefore, navigating 
between these spaces could also be classified as a required activity. This insight is 
important as a number of areas of the airport are often devoted to discretionary 
activities, and these might not be effectively optimised for navigating between 
processing activities. 
Table 2.2  
Passenger Experience Process Steps: modified (IATA, 2010) 
 
Passenger experience process steps 
Departure 01 Pre-travel 
02 Ticket Issuance 
03 Check-in 
04 Document Scanning 
05 Authorisation to proceed 
06 Baggage Processing 
07 Immigration exit control 
08 Security access 
09 Security Screening 
10 Flight rebooking 
11 Boarding 
Flight  
Arrival 12 Immigration entry control 
13 Baggage collection 
14 Customs 
 
The International Air Transport Association (IATA) outlines (Table 2.2) what 
they term  “passenger experience process steps” (2010). These steps go some way to 
including the number of specific processing steps a passenger is likely to undertake; 
however, it could be argued that a passenger would not use the same terms for many 
of the steps. It is also worth noting that discretionary time is not included in the 
IATA model. When comparing IATA’s model to that of Popovic, Kraal and Kirk 
(2010), it becomes apparent how the organisation of certain processes in various 
airports is not always standard: in the latter model (Table 2.3), security comes before 
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customs, while in IATA’s model, immigration comes before security access and 
security screening. 
Presenting the required activities in a straightforward, consecutive manner 
gives the appearance that there are only a few steps to complete, and that these steps 
are sequential. In reality, navigating an airport involves identifying a number of 
areas, completing a number of processing steps, navigating discretionary areas and, if 
there is free time, deciding where to spend it and what discretionary activities to 
undertake. Table 2.3 shows a number of likely tasks to which passengers will need to 
navigate in an airport. 
Table 2.3 
Possible departure navigation steps (processing) 
 
Possible Navigation Steps 
 Arrive at the airport 
Navigate to the departure area where various airline check-in areas are 
located 
Navigate to the check-in area for airline that the passenger is flying 
with today 
Navigate to the check-in desk 
Navigate to security area 
Navigate the security area– locate the line to go through 
Navigate to the customs area 
Navigate the customs area (with passport and departure card) 
Navigate to the correct boarding gate, before the boarding gate closes 
Navigate to the line to board the aircraft 
 
Table 2.3 shows that passengers can be required to complete many steps before 
boarding the plane. One could easily conceive of a passenger buying a magazine, 
converting currency, going to the toilet or getting a cup of coffee in the airport 
terminal. These tasks require the passenger to navigate to different areas.  
Navigation and Movement 
It is necessary to consider whether the navigator needs to be moving through 
space to be considered to be “navigating”. According to Mollerup (2005), moving is 
an integral part of wayfinding, in which the navigator makes decisions while 
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interacting with the “user interface” of the surrounding environment. In contrast, 
reading a map while seated is considered to be “planning” (Mollerup, 2005). 
Planning outside of the space, however, could be considered a form of navigation; 
for example, looking at a map on a mobile device would be considered as navigation, 
whether the navigator is physically in the space or not. A distinction could be made 
in that there are two types of navigation: (i) navigation outside of the space (for 
example, pre-planning), and (ii) navigation within the space. 
As to whether the navigator needs to be moving to be considered navigating, 
there is a range of situations that could occur. For example, within an airport, a 
navigator might stop moving to survey an area. If the navigator is actively visually 
searching for navigation clues, they could be considered to be navigating. If, in the 
same scenario, the navigator sits down and continues searching for clues, they could 
still be classified as navigating. Therefore, a person who is moving through a space 
can be classified as navigating; however, if they are stationary or seated, then they 
might or might not be navigating. To summarise, while movement is strongly linked 
to navigation, the navigator does not have to be moving to be navigating. 
2.4 NAVIGATION DIFFICULTIES AND POSSIBLE SOLUTIONS 
2.4.1 Navigation Difficulties 
Passengers have been found to encounter many navigation issues in both 
airports and other similarly complex environments (Braaksma & Cook, 1980; 
Correia & Wirasinghe, 2008; Gentry, 2010; Tam & Lam, 2004). Considering the 
different navigation steps to complete (Section 2.3.1), a number of questions arise, 
including: (i) Do passengers remember all these steps? (ii) Do they need to remember 
all these steps? and  (iii) What happens when you add other tasks to the process?  
This section examines previous airport navigation research on passenger navigation, 
as well as research from related areas. 
One metric used to evaluate the performance of the passenger service provided 
at airports, is Level of Service (LOS). Multiple methods can be used to generate a 
LOS metric, including (i) objective measures from analytic and simulation models; 
(ii) subjective measures based on passengers’ perceptions; and (iii) subjective 
feedback from passenger responses to surveys and questionnaires (Zidarova & 
Zografos, 2011). In examining LOS at São Paulo/Guarulhos International Airport 
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(Brazil), Correia, Wirasinghe & de Barros (2008) did not specifically include the 
categories of “navigation” or “wayfinding”. However, when interviewing passengers 
before boarding their plane, they did include the category of “orientation”; this term 
can be taken as synonymous with navigation. When combining the “unacceptable” 
and “poor” categories, “orientation” was found to have the highest dissatisfaction, 
with 14.3% of responses in these two categories (Correia et al., 2008). It should be 
noted that the percentage of passengers who encounter difficulty could be higher.   
Passengers who have successfully navigated to the boarding gate in time may not 
remember encountering difficulty while navigating, and those who had difficulties 
may not have been available at the gate in time to answer the questions. This 
provides further evidence of the need to better understand how people navigate 
airport terminals. 
Gentry (2010) studied departing passengers and found that they have more 
knowledge of the public or non-sterile areas of the airport before security (that is, 
check-in located in landside) than they do of the areas in the sterile security 
environment. This could result in a passenger navigating relatively easily to check-in, 
but encountering greater difficulty when navigating security and customs due to less 
knowledge of the tasks to complete.  
Tam and Lam (2004) explored navigation at Hong Kong International Airport 
by using a Visibility Index (VI), and a questionnaire that was completed by 
passengers at the boarding gate. Simply defined, the VI is a quantitative measure of 
the visibility of facilities between “nodes” within the airport, which is used to 
evaluate the ease of locating various passenger/visitor facilities (Braaksma & Cook, 
1980). Using the VI, Tam and Lam (2004) found that Hong Kong International 
Airport is moderately complex to navigate, with around 10% of respondents 
reporting that they had problems navigating the departures area. A number of 
facilities were found to be difficult to locate, such as the automated people mover, 
lost and found office, the airline information counters, seats in the public area and the 
auto-teller machines (ATMs) (Tam & Lam, 2004).  
Braaksma and Cook (1980) defined the Visibility Index as a quantitative 
measure of the visibility of facilities between “nodes” within the airport, which is 
used to evaluate the ease of locating various passenger / visitor facilities. Modak and 
Patkar (1984) measured sightlines to explore passenger orientation at two railway 
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terminals in Bombay, India. In India, from the human orientation point of view, most 
air, rail and bus terminals leave much to be desired (Modak & Patkar, 1984). The 
authors describe the terminal as a series of nodes (various facilities) and links (the 
paths that passengers follow between various sightlines). These links can be used to 
develop sightlines, in which the destination can be seen either directly or indirectly 
(Modak & Patkar, 1984). Direct sightlines exist if the passenger can see the next 
destination point directly, while indirect sightlines enable a passenger to indirectly 
navigate to the next destination point through symbols, signs or directions (Modak & 
Patkar, 1984). By shifting some facilities, the researchers found that they were able 
to improve the VI. This indicates that the way in which objects are arranged and 
organised can play an important role in navigation. While direct sightlines can assist 
passenger navigation, there is still the issue of whether the elements the passenger 
sights can be quickly and easily understood. 
A study for the British Airports Authority (BAA) by Adcock, Turner, Adjei 
and Anson (2002), examined ways to make airports more socially inclusive. 
Although this study was conducted over 3 years, only 4 people, each with a different 
disability, were observed and interviewed at the airport. These people were not flying 
that day, rather their journey was simulated; that is, they were instructed to go about 
their normal activities at an airport as if they were about to board a plane. As the 
result of their study, the researchers made a series of recommendations, including the 
use of defined navigational routes, the use of landmarks, and the need to avoid visual 
distractions immediately before junctions (Adcock et al., 2002). They also 
emphasised the need to provide distinct transitions between stages of the airport 
process; this could be achieved through the use of lighting, materials, sound, smell 
and temperature (Adcock et al., 2002).  
Zhang et al. (2010) examined how people navigated in a large, multi-level 
transit centre in Shanghai. The transit centre in question integrated a railway station, 
four bus terminals, two subway stations, two shopping malls, one hotel and three 
public parking lots (Zhang et al., 2010). Ten participants—all of whom were 
unfamiliar with the transit centre—were selected in the subway station, and were told 
to find their way to the bus station. After the experiment, each subject viewed the 
video of their journey, and described any problems they had. Zhang et al. (2010) 
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identify a number of wayfinding problems that participants had, including problems 
with: 
- determining the position of their destination 
- relating the graphic signs to the real environment 
- identifying north, south, east, or west, and 
- determining the route 
These results indicate the intricate nature of trying to address navigation in 
complex transportation settings. People might not simply face one problem, but 
rather, a multitude of issues. However, what issues currently exist in airports is not 
known. 
Not only can the average user have difficulties navigating an airport, it can be 
far more difficult for disabled users. The visually impaired, for example, face a 
number of challenges due to high noise levels, and numerous signs—most of which 
tend to be placed high above floor level (Fewings, 2001). Caves and Pickard (2001) 
state that there are two important facilities for the visually impaired: the check-in 
desk and the information desk. A key issue is that the visually impaired passenger 
must navigate to the check-in or information desk before assistance can be provided. 
2.4.2 Improving Navigation 
Airports have grown so large and complex that a passenger might have 
difficulty finding certain processing or discretionary task sites (for example, retail 
shopping, toilets or seating areas), and the passenger is required to find information 
about their location. In addition, there has been a recent trend for airports (for 
example, Brisbane International Airport and Heathrow Terminal 5) to have interiors 
with large, open spaces that contain a range of processing and discretionary 
activities. This can result in passengers having to locate the next step, rather than 
being funnelled sequentially through the airport. 
One solution to making airports more intuitive to navigate is to decrease the 
number of decisions that passengers are presented with. This could be achieved by 
providing set paths, from which passengers cannot easily deviate. However, while it 
might be possible to limit the number of choices passengers have in an airport, it 
might not be ideal as not all people use the same services, and might visit different 
areas, and use different services, at different times. 
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On examining the main tasks that passengers are required to complete, it can 
also be seen that it is possible that each task might require different passenger 
navigation strategies. To check-in, for example, passengers are required to navigate 
to a specific point based on which airline they are flying with; more specifically, this 
can also be based on which flight they are on. Thus, passengers are required to 
identify the check-in area, to locate the check-in desk associated with their airline 
and, potentially, to locate the specific check-in desk associated with their specific 
flight or class of seat. Thus, the check-in task requires the identification of one, or 
multiple, specific points.  
In contrast, the security task might not be organised according to any specific 
airline or flight; however, it might sort passengers based on their country of 
residence or destination. This method of sorting could also occur when navigating to 
the customs area. When navigating to the boarding gate, passengers are required to 
locate the specific gate. This is likely to require knowledge of their flight and the 
specific location it is departing from; that is, their specific boarding gate. In short, it 
has been seen that passengers navigate to and through 4 main points (check-in, 
security, customs and the boarding gate), each of which potentially sorts them in a 
different manner.  
Wiener et al. (2009) created a taxonomy of navigation tasks, which are 
classified according to whether navigation is aided or unaided. Unaided navigation 
can be categorised into undirected navigation and directed navigation, while aided 
navigation is categorised according to whether signage, maps or navigation assistants 
are used. This navigation taxonomy can be applied to passenger navigation of an 
airport terminal. For example, travelling from the retail area to the departure gate, 
where the passenger uses signage to navigate, can be classified as aided navigation. 
Another scenario is when a passenger is in the retail area and has time to spare. This 
passenger could either explore the area without searching for anything in particular; 
this would be an example of unaided, undirected navigation. On the other hand, the 
passenger might search for a specific store, and this would be an example of unaided, 
passenger-directed navigation. Currently, there is a lack of research on how 
passengers use elements (such as signage or maps) in airports. 
The examples provided in this section highlight how airport navigation is not 
always an easy or straightforward process. They also reinforce the fact that the 
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facilitation of effective navigation requires an understanding of the many processing 
activities that passengers navigate to, and the difficulties that can occur in the 
process. 
2.5 SUMMARY  
This chapter has examined navigation in airport terminals and the activities that 
passengers undertake there, with a particular focus on how they navigate the 
terminal. Many airports have grown into large and complex buildings, which 
departing passengers must navigate to board a plane and, on arrival at their 
destination, navigate again to exit the building. Departing passengers face a number 
of challenges to make a flight, including completion of the necessary processing and 
discretionary activities in time for boarding. As a basis for addressing these many 
challenges, the following chapter provides an in-depth exploration of the concept of 
navigation, and the elements in the airport environment that affect it. 
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Chapter 3: The Environment 
While wayfinding difficulties are often linked to inadequate signage, the 
underlying deficiency lies in the architecture of the environment (Passini, 1996). For 
example, potential navigation issues include the fact that objects or areas can be 
difficult to differentiate; that entrances to specific areas can be difficult to find; that it 
can be difficult to locate oneself relative to known locations; and that signage can be 
difficult to read or unclear (Arthur & Passini, 1992). These issues can be amplified if 
a person is hearing impaired or deaf, or visually impaired or blind (Arthur & Passini, 
1992).  
While difficulty in navigating could be attributed to an individual’s cognitive 
and physical abilities, it could also be attributed to the design of an environment 
failing to take human spatial cognition into account (Hölscher, Meilinger, 
Vrachliotis, Brösamle, & Knauff, 2006). To understand this design failure, it is 
necessary to explore how environmental elements are used during navigation. To this 
end, this chapter examines these elements, and the way in which they can be used 
during navigation. Specifically, Section 3.1 discusses the organisation of objects in 
space; Section 3.2 provides an overview of the sources of navigation information in 
airports; and, finally, Section 3.3 discusses airport navigation services and initiatives, 
including the role of mobile devices. 
3.1 UNDERSTANDING THE ENVIRONMENT 
To understand the environment, it is necessary to examine the organisation of 
objects and spaces, and how this is useful to the navigator. 
3.1.1 The Organisation of Objects in Space 
The way objects and spaces are organised in the environment plays an 
important role in navigation. People extract and comprehend information from the 
environment, with certain spaces enabling this extraction and comprehension better 
than others—a quality that is referred to as “legibility” (Dogu & Erkip, 2000). The 
spatial organisation of key architectural elements such as entrances, horizontal and 
vertical circulation, and major landmarks, is important to a building’s legibility 
(Dogu & Erkip, 2000). Additionally, easy to use navigation environments usually 
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have both repetition and variation of elements (Mollerup, 2005). Using repetitive 
elements can assist in the navigator’s global understanding, while varied elements 
can assist local wayfinding (Mollerup, 2005). 
Physical forms are not the only elements that need to be considered when 
discussing the environment: the space between the physical forms can also be 
important. Pinelo da Silva (2010), for example, discuss space syntax, a theory which 
proposes that space is the “matter” of society. Rather than taking physical properties 
alone into account—properties such as buildings or the organisation of objects—it is 
necessary to consider the spatial structures that emerge from these physical 
components (Pinelo da Silva, 2010). The emerging spatial structure creates the 
conditions for pedestrian and vehicular movement in specific ways (Pinelo da Silva, 
2010).  
Similarly, Bafna (2003, p. 17) discusses how, according to space syntax theory, 
people “use space as a key and necessary resource in organizing themselves. In doing 
so, the space of inhabitation is configured—a term that space syntax recognizes as an 
act of turning the continuous space into a connected set of discrete units.” Bafna 
(2003, p. 17) further explains why it is useful to convert space into a discrete 
configuration: “because different labels can be applied to its individual parts.” 
Additionally, “these parts then can be assigned to different groups, people, or 
activities”, and “different rules of behaviour and conventions can be associated with 
different parts of the space and individual parts of space can be recognized as 
carrying a specific symbolic or cultural charge.”  
In the airport context, discrete configuration is applied by labels being assigned 
to sections of the airport to define, for example, a particular section as “departures”, 
and a particular section as “arrivals”. These sections can then be further classified 
into smaller sections according to the activities that take place within them. For 
example, the departures area can be further separated into check-in, security, and 
customs areas, each of which has different rules and required behaviours. 
3.1.2 Describing the Environment  
A navigator will often encounter a range of different elements in their 
surrounding environment. For example, in a city, there are a range of buildings, 
signs, paths, cars, seats, bins, shops, and people undertaking a range of activities. 
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With so many different elements, which might or might not be useful to their 
navigation task, people need  to classify their surrounding environment. They group, 
sort and organise objects and spaces in this environment based on a number of 
varying criteria. The following provides an overview of the ways in which 
researchers discuss this organisation of the surrounding environment.  
Dogu and Erkip (2000, p. 736) classify environmental information into three 
categories: 
1. Architectural information: contained or inherent in the built environment 
whether the user is in or outside the building 
2. Graphic information: can be further subdivided into general information 
about building tenants, directions to destinations in a building, and 
identification of these destinations 
3. Verbal information: includes the sorts of information that can be conveyed 
to passers-by, security guards, and occupants through the use of self-help 
telephones 
In contrast to Dogu and Erkip’s (2000) classification, Raubal (2001) 
categorises the environment into three wayfinding components: (i) the medium, (ii) 
substances, and (iii) surfaces. Moving through the environment, navigators are in a 
particular medium, which can have light, sound and odour. Within the medium, there 
are points of observation and lines of locomotion that they can use (Raubal, 2001). 
There is a difference between all possible points of observation and lines of 
locomotion, and what the navigator actually processes/is aware of. When people 
move through the medium, they move along lines of locomotion to various points, 
gathering information about the environment as they go (Raubal, 2001).  
Raubal (2001) describes the second wayfinding component, substances, as the 
elements of the environment—its different chemical and physical components. 
Raubal (2001) further divides substances into two categories: (i) cognising agents, 
such as people; and (ii) non-cognising agents, such as architectural components, 
information devices, areas and navigational elements.  
The third wayfinding component Raubal describes is surfaces, which separate 
the substances from the medium. The way surfaces are organised provides meaning 
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for the behaviour of the user. In combination, substances and surfaces can provide 
affordances to the user. 
While the work of Dogu and Erkip (2000) and Raubal (2001) provides a useful 
description of elements in the environment, there is a lack of detail as to where to 
place the elements in the environment. Lynch (1960), a pioneer in wayfinding 
research, has examined the relationship of elements with regard to how they define 
space. The forms of the city are classified into a number of elements, including (i) 
districts, (ii) nodes, (iii) landmarks, (iv) paths, and (v) edges. Some elements of the 
airport could be classified using districts, which Lynch (1960, p. 47) defines as 
“medium to large section of the city, conceived of as having two dimensional extent, 
which the observer mentally enters ‘inside of’, and which are recognisable as having 
some identifying character.”  
Similar to districts are nodes, which Lynch (1960, p. 47) defines as “… points, 
the strategic spots in a city… a crossing or convergence of paths, moments of shift 
from one structure to another.” For example, there are various areas in the airport 
terminal: check-in, security, customs, retail and the boarding area. These areas could 
be potentially classified either as “districts” or “nodes”. This dual classification 
highlights one of the challenges in classifying the environment, as elements can often 
play multiple roles or functions. Rengel (2003) describes nodes as places along a 
path; for example, they can come between places, or occur at significant 
intersections. Navigating to the boarding gate is an example of a node that consists of 
navigating through a common area, after which the path splits in different directions 
to different boarding gates. Thus, while processing destinations might often be 
considered important in airport navigation, nodes might also be important to 
consider. 
Lynch (1960) describes paths as the channels which people can move along, 
citing examples such as streets, walkways, and transit lines. Lynch also notes how 
people observe the environment as they move along the paths. Edges, as Lynch 
notes, tend not to be as dominant as paths; however, they help people to organise 
features of the environment. Edges, as described by Lynch (1960, p. 47), are “… the 
linear elements not used or considered as paths by the observer. They are the 
boundaries between two phases, linear breaks in continuity: shores, railroad cuts, 
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edges of development, walls.” Landmarks, which Lynch (1960) also identifies as 
important to navigation, are discussed in further detail in Section 3.1.3. 
While Lynch’s work is useful in understanding the complexity of the 
environment, other researchers identify other ways of categorising the environment. 
Between destinations/centres, Rengel (2003) describes connectors, which, as the 
name suggests, provide connections between destinations. Rengel (2003) defines two 
broad categories of connectors: gateways and passages. Gateways are “a clearly 
defined point of entry. The most common one is the doorway” (Rengel, 2003, p. 48). 
Passageways, on the other hand, are “not framed openings like the more formal 
gateways”; rather, “they can be either tunnel-like adjoining passages between spaces 
or merely openings on the wall that allow movement between spaces” (Rengel, 2003, 
p. 49). This is particularly relevant to the airport environment, where there is a range 
of open spaces, entrances and pathways between processing activities. 
Gibson (2009, p. 37) states that there are four categories that can be used to 
organise most wayfinding systems: (i) districts, (ii) streets, (iii) connectors and (iv) 
landmarks. Gibson (2009, p. 37) explains in detail: 
For instance, district systems are pervasive: a place is divided into 
meaningful zones for use on signs and maps, and specific destinations are 
clustered within those districts. Where streets provide the wayfinding 
metaphor, easily recognizable corridors and pathways form a 
comprehensible network across a space. Connectors are simple bold 
pathways that connect all destinations within one location. Landmark 
strategies direct people to major nodes, like elevators or primary destination 
points. 
While defining and organising space using districts, streets, connectors, etc., is 
useful to understanding the environment, it still does not provide a way of identifying 
how specific or important elements (such as signage or landmarks) should be used. 
3.1.3 Landmarks 
Landmarks in the environment have been found to be important to the way in 
which people navigate (Allen, 2000; Jung & Gibson, 2007; Lynch, 1960; Sorrows & 
Hirtle, 1999; Xia et al., 2008). As a person moves along a path, landmarks can serve 
as sub-goals which “keep the traveller connected to both the point of origin and the 
destination along a specified path of movement” (Allen, 2000, p. 334). The idea of 
the navigator using elements to serve as sub-goals could be useful in examining 
passenger navigation, as passengers have to move through a number of defined 
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points (Chapter 2.2). Landmarks can function as signs, as “they show the way to 
themselves, identify themselves and facilitate general wayfinding in the area” 
(Mollerup, 2005, p. 17). Either associated with a destination, or placed along the path 
to a destination, landmarks can be highly important in navigation. 
Defining a landmark is not always simple. Lynch (1960, p. 48) describes a 
landmark, as “usually a rather simply defined physical object: building, sign, store, 
or mountain.” Indoors, landmarks can range from architectural peculiarities, to pieces 
of art, or even technical installations (Mollerup, 2005). They can be either distant or 
local, “visible in restricted localities and from certain approaches” (Lynch, 1960, p. 
48). Peponis, Zimring and Choi (1990) argue that landmarks tend to be distinctive; 
however, they note that defining a set of criteria is elusive. This is because defining a 
landmark is a cognitive act, a process which can vary from person to person. 
Landmarks help a navigator to create a visuo-spatial model of the environment 
(Denis, Daniel, Fontaine, & Pazzaglia, 2001). This is achieved with landmarks 
providing “… a particular way of organising, anchoring, or remembering information 
with reference to discrete points as distinct from the more abstract properties of 
relational patterns” (Peponis et al., 1990, p. 557). 
Landmarks can play a number of roles (Denis et al., 2001, p. 142), including: 
- Signalling the sites where actions are to be accomplished 
- Signalling where actions are to be modified (for example, by turning left) 
- Helping to locate other landmarks (for example, using a highly prominent 
landmark to help locate a less prominent one) 
- Confirming whether the navigator is on the right track to a destination, 
and whether their current orientation is correct 
Thus, not only can landmarks be difficult to define, they can also have one or a 
number of roles, and differ in their role depending on the goal of the navigator. 
Sorrows and Hirtle (1999) propose three categories of landmarks: visual, 
cognitive/semantic, and structural. Visual landmarks are objects which are defined 
primarily according to their visual characteristics, such as contrast with the 
surroundings, prominence of spatial location and visually distinctive features 
(Sorrows & Hirtle, 1999). Cognitive/semantic landmarks tend to be more personal, 
as their meaning stands out, being either typical or atypical in the environment 
(Sorrows & Hirtle, 1999). A structural landmark is “one whose importance comes 
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from its role or location in the structure of space… for example Trafalgar Square in 
London or a typical downtown plaza” (Sorrows & Hirtle, 1999, p. p46). Sorrows and 
Hirtle (1999) note that these categories are not discrete; rather, the strongest 
landmark within an environment is a landmark that combines all three of the 
categories.  
The landmark categories proposed by Sorrow and Hirtle (1999) can be applied 
to the airport terminal setting. For example, visual landmarks could include the 
check-in counters, or planes on the tarmac. People could also develop 
cognitive/semantic landmarks as they pass through, such as a coffee shop they stop 
at, or a retail store they pass on their way. A structural landmark could be an open 
area that a passenger passes into when transitioning from the security/customs area 
into the airside retail area. This shows that it is possible for a passenger to use all 
three categories of landmarks, and also indicates how it is possible for designers to 
create landmarks within an airport terminal. It also shows the difficulty in 
categorising landmarks within the airport. 
There is limited research that examines the visual characteristics that people 
use to define landmarks. One example of laboratory research is the work by Röser, 
Hamburger and Knauff (2011), who performed multiple experiments to try to 
identify the ideal landmark. Specifically, they created a 3D virtual environment of a 
maze, and tested participants with landmarks that varied in geometrical shape, colour 
and saturation; two had different backgrounds. The results show that there is no ideal 
shape or colour for landmarks, and no foundation for the assumption that landmarks 
should be in striking visual contrast to their background/surroundings (Röser et al., 
2011).  Saturation was found to be important, however, with unsaturated stimuli (low 
contrast) performing better than saturated stimuli (high contrast). The researchers do 
note that these findings need to be evaluated in more realistic settings, as one of the 
key issues with this research appears to be the simplicity of the environment. Indeed, 
the complexity of the environment illustrated in their paper (Röser et al., 2011) 
appears to be so low, that the landmarks could not help but stand out, whatever their 
shape or size.  
The navigator’s use of landmarks is an example of how the Navigation 
Interaction is a tight integration of the navigator and the environment. The landmarks 
that a navigator uses can vary as they spend more time in an environment (Sorrows 
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& Hirtle, 1999). While the landmarks they use might change, the level of conscious 
cognition might also vary. For example, a passenger might consciously look for a 
certain landmark on their first few visits to a particular airport, but not be consciously 
aware of it as they become more familiar with the environment. However, the 
passenger might still visually examine the landmark, even subconsciously, whenever 
they use that airport. This could have implications for other airports, as the passenger 
might subconsciously search for a similar landmark when navigating an unfamiliar 
airport. 
While landmarks might play an important role in airport navigation, there is 
currently a lack of information about what airport elements are used as landmarks. 
Facilities that could be used as landmarks within an airport are, for example, the 
airline check-in desks, security check-point entrances and boarding gates. However, 
as noted in the previous paragraphs, landmarks can have a number of definitions and 
can be used in a number of ways. Additionally, while elements might serve as 
landmarks, it is likely that some airports will have more successful landmarks for 
navigating than others due to their variations in layout and in the amount of visibility 
between sections. Therefore, it is important to not only consider elements that could 
be landmarks, but also to consider how these elements work in the overall context of 
the surrounding space.  
3.1.4 Destinations 
When navigating through the airport environment, passengers are required to 
navigate to different destinations, for example check-in, security, customs and the 
boarding gate. Using “destinations” as a starting point, it is possible to understand 
how elements can be located in the environment. Unlike landmarks, the destinations 
passengers are required to navigate to consistent, defined navigation points.  
Rengel (2003) clarifies this by dividing the environment into “Destination 
Places” (places the navigator goes to do something) and “Circulation Systems” 
(places that are used by the navigator to get to a destination). In the airport context, 
the boarding gate area could be considered a Destination Place, whereas the pathway 
leading from the retail area to the boarding gate could be a Circulation System.  
Destination places can either be categorised as “domains” (similar to Lynch’s 
[1960] concept of districts) or “centres”. Based on the work of Norberg-Schulz 
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(1971), Rengel (2003, p. 43) describes centres as very special domains, that “are well 
known places where particularly meaningful activities and social interactions take 
place. They are both the goals toward which we move and the points of departure 
from which we orientate ourselves in relation to the rest of the environment.” They 
can play an important role, as navigators might orient themselves in relation to the 
centres. When designing environments, Rengel (2003) argues that the location of 
centres is of greater importance than other less important places and, therefore, they 
require strategic placement.  
Destinations in the environment could be useful when describing where 
elements should be located in the environment. Destinations in airports (and useful 
elements for navigating to destinations) are described in further detail in Section 6.2, 
Chapter 8 and Chapter 9. Section 3.2 will examine how elements could be useful for 
locating destinations to navigate to.  
3.2 SOURCES OF NAVIGATION INFORMATION 
Some navigation tasks can only be solved as the traveller proceeds; for 
example, the task of locating the correct departure gate (Mollerup, 2005). To 
complete these navigation tasks, the navigator requires information to be provided on 
location, usually through a range of elements in the environment (Mollerup, 2005).  
An Australian report by the National Passenger Facilitation Committee (2011) 
acknowledges that navigational information within the airport terminal can be 
delivered through a variety of sources, including dynamic information, static signs, 
temporary information, lighting, building design, users’ prior knowledge and 
experience, staff, and audible information. Another element that could play a role is 
the movement of other people. If a passenger observes a large number of people all 
going in the same direction, this is another element that could play a role in intuitive 
navigation. Section 3.2.1 describes how affordances and signifiers are useful to 
understanding how elements assist navigation, while the following sections discuss 
how signage, personal items, people, and other elements can assist passengers during 
navigation. 
3.2.1 Affordances and Signifiers 
Within the environment are objects, information, and spaces that can be used 
for navigation. The concepts of “affordances” and “signifiers” can be used to assist 
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in understanding the usefulness of these elements. Gibson (1979, p. 127) defines an 
affordance of the environment as “what if offers the animal, what it provides of 
furnishes, either for good or ill.” For example, an affordance in the airport setting 
could be the boarding gate doorway, which affords the user a space to pass through 
on the way to boarding the plane. According to Norman (2013, p. 13), the visibility 
of affordances is important to the user as “visible affordances provide strong clues to 
the operation of things.”  
Raubal and Worboys (1999) describe affordances as comprising information 
and interaction affordances; however, Norman (2013, p. 13)  argues that there are 
signifiers as well as affordances in play, stating  that “Affordances determine what 
actions are possible. Signifiers communicate where the action should take place.” 
Signifiers can be further defined as referring “to any mark or sound, any perceivable 
indicator that communicates appropriate behaviour to a person” (Norman, 2013, p. 
14). 
Both affordances and signifiers assist in understanding the interactions between 
the navigator and the environment in the airport context. For example, a benchtop in 
the security area could be an affordance, as it affords the user a space to prepare their 
items. A signifier can provide instructions or clues as to where to go, or assist the 
passenger in identifying/labelling an area. While airport wayfinding is often 
associated with signage, signifiers can also include objects and spaces. For example, 
other passengers at a preparation counter, or the unpacking or repacking of personal 
items, can signify the activities that occur there. 
Different navigators might interpret affordances and signifiers differently, or 
might not cognitively process them at all. In any case, to facilitate navigation in 
complex environments, it is important for designers to consider the environmental 
affordances and/or signifiers, and whether they can be used easily and effectively. 
Airports are often large, complex structures, many with level changes, multiple 
facilities and points that passengers can navigate between. To varying degrees, the 
same is true of many transportation centres, such as bus, subway, and railway 
stations.  Due to the large numbers of people who must pass through these types of 
facilities (O'Neill, 1991), their efficient flow through these buildings is critical. The 
following paragraphs explore how some researchers classify the elements in these 
types of environments. 
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3.2.2 Signage 
Signage has been identified as important for navigation in buildings, national 
parks and airport terminals (de Barros, Somasundaraswaran, & Wirasinghe, 2007; 
Gentry, 2010; Jung & Gibson, 2007; Tam & Lam, 2004; Xia et al., 2008). It enables 
the communication of information to passengers in the terminal, including 
information that enables them to navigate to points within the terminal. Signage, 
including information signs or map signs, can be both accessible and cost effective 
for transit centres (Zhang et al., 2010). 
While line-of-sight progression to the destination is ideal for passenger 
navigation, it is difficult to provide with a terminal that services millions of 
passengers a year, and without the terminal becoming too long (Caves & Pickard, 
2001). Thus, an efficient signage system is necessary to guide passengers through 
complex routes (Caves & Pickard, 2001). A number of industry documents discuss 
navigation; the National Passenger Facilitation Committee (2011) report, for 
example, is devoted mostly to signage and signage examples. 
According to Mollerup (2005), providing an adequate number of relevant signs 
can address most navigation needs. Other sources of navigation information can 
include information screens and maps, and audible instructions (for example, those 
spoken over a loudspeaker). It should be noted that the presence of one or more of 
these devices does not necessarily aid navigation; in fact, a poorly designed or 
implemented device can inhibit it. Another alternative is that a person might simply 
not see or be able to find the device, and thus derive no benefit from it. 
Effective signage needs to address two main criteria: (i) it should have target 
value (that is, be locatable) and be identifiable in the environment, so that the 
navigator can locate it; and (ii) it should be easily legible, so the navigator can 
acquire information from it (Mollerup, 2005). Increasing the sign size so that the 
content can be large and legible, even at a distance, is one way to increase the target 
value (Mollerup, 2005). There can also be a range of different types of signs within a 
building. Gibson (2009) identifies four types: (i) Identification signs (for example, 
those that identify an area/level or public amenity); (ii) Directional signs (signs 
indicating direction); (iii) Orientation signs (such as shop or elevator/floor 
directories); and (iv) Regulatory signs (such as fire egress maps or safety signs).  
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According to Denis et al. (2001, p. 141), an important type of information that 
signage can provide is route directions, which “provide a person with instructions 
about the actions to take in order to reach a target point.” Route directions can 
contain prescriptive and descriptive statements, as well as metric or temporal 
information and comments (Denis et al., 2001). Route directions can include 
descriptions of the scene, which help the user by (i) helping to verify that he/she has 
reached a sub-goal along the route, and (ii) checking the correct alignment of his/her 
trajectory (Denis et al., 2001). 
In research conducted by Xia et al. (2008), most participants reported that 
signposts and signboards were important for navigation. Signage, however, does not 
always aid the navigator. Modak and Patkar (1984) report that signage at two railway 
terminals in Bombay is mainly linguistic; this is a significant issue as many users are 
illiterate. This indicates one of the potential limitations of signage, and the need to 
provide alternative navigation aids. Illiterate passengers do not only provide a 
challenge for developing countries with high levels of illiteracy, but can also provide 
a challenge for airports in more developed countries. The language barrier can 
effectively create illiterate passengers. 
When people navigate, both signage and floor plans can affect the Navigation 
Interaction. Trials of simple and complex floor plans with varying levels of signage, 
found that the usefulness of signage varied even when differences in the complexity 
of the floor plan were minimal (O'Neill, 1991). The research also found that even 
with the use of signage, the floor plan configuration had a significant impact on a 
participant’s wayfinding ability. Not only must a floor plan be read correctly, it must 
also be translated to the building, and remembered when navigating that building 
(Gärling, Lindberg, & Mäntylä, 1983). O’Neil (1991) notes that despite access to 
signage, participants in complex settings made significantly more wrong turns 
compared to those who used a simpler floor plan with no signage.  
It would be easy, from an airport viewpoint, to interpret navigation as mostly to 
do with signage. Whereas much of the structure of a terminal is fixed, and to change 
this can be very costly, signage is relatively easily altered (Fewings, 2001). 
Nevertheless, installing and maintaining signs and other wayfinding systems is not 
inexpensive, nor is it a small undertaking. Estimates indicate that it would cost 
approximately 10 million GBP to upgrade wayfinding signage in Heathrow airport 
 Chapter 3: The Environment 41 
alone (Montgomery, 2013). Wayfinding upgrades at Dubai airport required changing 
over 1500 signs (Future Travel Experience, 2013). Despite the costly changes 
associated with wayfinding systems in airports, passengers can still have difficulty 
making it to the boarding gate on time.  
In a survey of airport passengers at Calgary International Airport, it was found 
that most (69%) identified signage as the main element they used to find their way 
through the terminal, and that signage was the primary conscious method they were 
using to navigate the terminal in question (Churchill et al., 2008). However, 10% of 
passengers responded that they had used no aides to find their way (Churchill et al., 
2008). This suggests that other elements used to navigate did not enter their 
conscious thought. Gentry (2010) found that even for frequent flyers, who had high 
familiarity with the terminal layout and environment, signage was still important to 
the navigation process.  
While signage might be important, there is a lack of knowledge regarding the 
type of signage needed, and where it should be located. Potential issues include lack 
of visibility or legibility from certain locations (Mollerup, 2005). Even if the 
information is legible, the user might not understand the information due to a lack of 
clarity. Additionally if a sign fails to stand out in the environment, users might not 
locate the sign at all (Mollerup, 2005). Peponis et al. (1990) suggest the need to draw 
a distinction between local and global causes of wayfinding difficulty. That is, some 
destinations might not be easily reached because of a lack of clear identification 
(local cause), such as a lack of signage or a poorly marked entrance; others can lie 
completely outside of the search area that is visible to the navigator (global cause) 
(Peponis et al., 1990).  
Furthermore, there are many non-signage elements in the airport, and there is 
limited knowledge of the importance of these other elements. One example of other 
elements useful to navigation is the use of tiled or terrazzo flooring at Vancouver 
International Airport to indicate that an exit is nearby (Sensalis, 2014); another is the 
use of laminate flooring to distinguish the retail areas, and carpet to indicate that 
gates are near. 
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3.2.3 Personal Items 
One source of information that passengers acquire/are given is tickets. Passengers 
arriving at the airport will often have flight documentation, such as a printed e-ticket, 
or an electronic document stored on a mobile device. At check-in, (or online), 
passengers are given a boarding pass for their flight. Depending on when they arrive 
at the airport, the ticket might contain the gate number the flight is leaving from, and 
this is a source of navigation information. While paper-based tickets and boarding 
passes have been commonly used over the years, the rise of personal devices such as 
smartphones and tablets presents new opportunities to provide navigation 
information to passengers. (These new opportunities are discussed in Section 3.3.) 
3.2.4 The Role of Other People in Navigation 
When navigating many environments, other people are often present. These 
could include other people navigating the environment, or others in the environment 
who are currently stationary and not navigating. These others could aid or hinder the 
navigator’s journey; alternatively, they might have no effect on their journey. There 
is, however, limited research on how a navigator, travelling alone, uses other people 
for assistance (Chebat, Gélinas-Chebat, & Therrien, 2008; Gentry, 2010). 
Others present could also include people accompanying the navigator. People 
often travel in groups and sometimes travel with companions who have greater 
knowledge, or think they have greater knowledge, and lead or try to lead the way. 
Group dynamics could also play an important role in intuitive navigation. 
Unfortunately, there has been no research into how people navigate when travelling 
in groups of two or more.  
Airport employees can provide navigation information to a passenger; 
however, the suggested path might not always be easily understood or be the most 
efficient (Gentry, 2010). For example, staff at check-in could provide route 
directions (for example) by telling the passenger that to reach the boarding gate, they 
first need to go to the big yellow archway, then go down the elevator, through the 
security/check-in area, through the duty free area, then turn left, and follow the 
pathway till they get to the gate. This type of instruction is difficult to convey 
through signs, due to the limited amount of signage space available. There is also the 
possibility that the passenger might require clarification of certain instructions, forget 
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some or all of them, or mistakenly miss a key point when navigating—all of which 
could impact the navigation experience.  
Providing passengers with route instructions could also be time consuming. 
While these instructions can be valuable, there are certain limitations to how they can 
be used. One way to overcome some of these limitations is to provide route 
instructions through mobile devices, providing a similar experience to that of a driver 
using a GPS device to navigate an unfamiliar area. As discussed later, however, the 
use of mobile devices is not necessarily an ideal solution to assist all passengers 
navigating the terminal (Section 3.3.1). 
In a study conducted by Chebat et al. (2008) in the context of navigating a 
shopping centre, neither the use of landmarks nor maps was found to reduce 
wayfinding time; however, the use of people as information sources did reduce 
wayfinding time. In this context, “people as information sources” is described as the 
situation when a participant interacts with another person and asks for navigation 
information. Alternatively, other people could be a hindrance to the navigator by 
distracting them from the environment; for example, when a navigator follows 
someone they consider to be sexually attractive or interesting, and who is not 
heading to the same destination. Instead of paying attention to the environment, the 
navigator is distracted, and misses important information or takes a wrong turn.  
The navigator can potentially interact with other people outside of the 
immediate environment; for example, by calling or messaging a friend. This type of 
action could occur if the navigator is lost or disorientated in the terminal. Through 
such interaction, the navigator could access information from someone outside of 
their environment who is potentially more experienced with, or knowledgeable about 
that environment. 
Other passengers and staff are often present in the environment, for example, at 
the check-in desk or at the boarding gate. The presence of these others can indicate 
the type of activity that occurs at a point or area; for example, passengers unpacking 
items indicate a security point. While other people and staff can be important to the 
Navigation Interaction, this aspect is beyond the scope of this research, and not 
specifically examined in its results. 
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3.2.5 Other Sources of Information 
When providing a suitable wayfinding environment, a number of elements 
might be important to navigation, including elements identified by Ridenour (2000): 
wall and floor coverings, architectural features, lighting and unique colour schemes. 
Not only are there physical objects and spaces between objects, there are potentially 
less obvious factors that can change in an environment, such as noise and smell 
(Ridenour, 2000). Noise shifting from quiet to loud could indicate the location of 
particular activities. Smells can range from no discernible smell, to smells considered 
pleasurable, to those considered offensive. Passengers might consciously or 
subconsciously use such sensory information when navigating (Ridenour, 2000). 
Environmental conditions that change include the temperature (ranging 
between cold and hot), the wind (changing direction, and shifting between still and 
windy), and lighting (shifting from dark to bright). Each of these factors plays a role 
in how a person navigates the environment; for example, a person might avoid taking 
a path that seems cold or dark, or has an offensive odour. If the only option is to take 
the path, then they might hurry through, thus minimising the amount of time spent 
there. 
3.2.6 Amount of Navigation Information 
To navigate to a destination, the navigator uses and acquires information. 
Information can be acquired from the environment; for example, from affordances 
and signifiers (Section 3.2.1). Additionally, the navigator might be familiar with the 
destination, for example, with its location or elements. Alternatively, the navigator 
might be quite unfamiliar with the destination, and not be able to gain information 
from their paperwork or personal devices. The role of familiarity is discussed in 
detail in Chapter 5; however, at this point, it is important to consider how much 
information is required for satisfactory navigation. 
If a navigator can only proceed in one direction, then correctly choosing that 
direction can be simple and they will require little information in order to make a 
decision. Alternatively, if they are faced with multiple possible destinations, much 
more information is required to choose between destinations. This is highly relevant 
for airports, as there has been a recent trend towards more open plan designs, which 
allow airports to more easily reconfigure the internal layout as required. On the other 
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hand, the open plan layout could make navigation easier for passengers as more of 
the airport is in their field of view, thus improving their line of sight. 
Depending on the situation, people can feel orientated with only a small 
amount of information and, if they do become disorientated, this can be alleviated by 
returning to a known place (Pinelo da Silva, 2010). This is often achieved by 
retracing their path; however, this is not always possible. Airports are a case in point, 
as people are often not able to return to some areas. However, just as one can have 
too little information, one can also have too much information. Too much 
wayfinding information can impair cognition as it can overwhelm the limited 
capacity of short term memory (Pinelo da Silva, 2010). This is discussed in further 
detail in Section 4.1.4. 
3.3 AIRPORT NAVIGATION SERVICES AND INITIATIVES 
According to a report by Amadeus (2012), passengers like relevant information 
about their flight—such as gate allocations, boarding calls, cancellations and 
delays—to be delivered promptly, when they need it, and wherever they are in the 
airport. Of the passengers surveyed, 90% want this information delivered to their 
mobile device, while 59% would like it delivered by interactive communication 
displays and surfaces (Amadeus, 2012). While the survey indicated that 90% of 
passengers would like this information delivered via their mobile devices, at the time 
of writing, many passengers are not likely to have experience with using their 
devices for navigation in the airport terminal environment. What can be taken from 
this, nevertheless, is that passengers seem to want information delivered in new 
ways. 
Airports around the world are currently introducing a range of new service 
initiatives (Copart, 2012; Fukaya, 2012; Harrison, 2012; Tarbuck, 2012), including: 
• Self-service kiosks for check-in 
• Self-service baggage drops 
• Self-boarding gates 
• Mobile device applications for wayfinding, status updates, sales incentives 
and customer feedback 
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While many of these initiatives appear to have efficiency benefits for airports, 
their effects are still being determined (Harrison, 2012). However, they do have the 
potential to reduce the amount of contact that passengers have with airport and 
airline staff in the terminal. Yet, this interaction with staff is one of the ways 
passengers receive navigation information in the airport. With the introduction of 
new, automated services, therefore, airports will need to ensure that passengers are 
still able to access navigation information in the traditional way if necessary. 
Some airports have introduced new methods of providing information to 
passengers, such as interactive electronic displays and holograms. Dubai 
International Airport recently launched a new initiative in a bid to improve passenger 
wayfinding in the terminal. A number of different technologies are used, including 
“sleek new maps of the airport and 40-inch LCD touch screens that provide real-time 
and easy-to-understand directions to boarding gates, restaurants and other facilities” 
(Bates, 2012, p. 1). At a number of airports—including London Luton airport, 
Boston Logan International airport and Washington Dulles airport—hologram 
projections of staff are used to provide information to passengers (BBC, 2011; 
Mallett, 2012). Some of these initiatives have limitations; for example, the passenger 
needs to be close to the device to see visual, or hear auditory, information. Another 
limitation of holograms is that they are currently not interactive; however, future 
generations of the technology are expected to be (Mallett, 2012). Placing such 
interactive devices throughout the airport could enhance passenger navigation.  
The fact that airports are attempting a range of different means to provide a 
better navigation experience, again highlights the need to better understand how 
passengers navigate airport terminals. 
3.3.1 Mobile Devices and Navigation  
Airport information tends to be displayed on signs or information boards, with 
the passenger also often having paperwork, such as a boarding pass. Some airlines, 
such as Qantas and Virgin Australia, have introduced the option to store the boarding 
pass on a passenger’s smartphone. At the boarding gate, the passenger presents the 
phone, showing a barcode, to the flight attendant. However, such electronic boarding 
passes could have a number of issues, such as the phone running out of battery, or 
freezing and not displaying the barcode. Despite these limitations, this type of 
boarding pass also provides opportunities for improving navigation.  
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In the future, a passenger could have an electronic boarding pass sent to their 
mobile device (possibly through their email account), along with other features such 
as a map of the terminal outlining the most direct path to the passenger’s gate. 
Selecting the map, the passenger is then taken into a detailed route guidance system. 
While this type of interaction is possible in the not too distant future, the current use 
of mobile devices for these purposes is still limited.  
With the rise of handheld devices that provide location and navigation 
directions, it would be easy to assume that technology will reduce the number of 
navigation problems that people experience at airports. Achieving this goal, however, 
is not straightforward, as this requires a passenger (i) to have a suitable, functioning 
device; (ii) to remember to use the device; (iii) to be able to use the device; (iii) to 
understand the information on the device; and (iv) to use the information to make 
and implement decisions within the environment. While mobile devices will provide 
another source of information for the passenger, information gained from the airport 
environment itself will remain a useful navigation tool for passengers.  
A number of airports, both domestic and international, have begun to offer 
services that work on mobile devices (Benjamin, 2012; Gerber, 2012). They are 
attempting to utilise these devices to provide customers with a range of information, 
including flight status, restaurant and shop locations, parking lot listings and payment 
information, airline contact numbers, hotel and ground listings, real-time weather 
updates and terminal maps (Benjamin, 2012). Arguably, it is important for airports to 
clarify the specific benefits of using mobile devices. There are two main areas where 
their use could provide benefits to passengers.  
The first area that could benefit passengers is the provision of information 
about discretionary activities in the airport, including information about food, retail 
and entertainment. Spending time in the airport is not always exciting for passengers, 
and an application on a mobile device could provide suggestions (potentially tailored 
to the individual or group) of things to do or see. Apps could alert customers to retail 
specials that they are interested in, or provide the cost of the item already converted 
to their own currency. They  could also provide up-to-the-minute information on 
facilities. If one seated area is crowded, for example, passengers can be directed to a 
less crowded area. If food outlets have few customers, then they could offer customer 
specials. This information could help to improve a passenger’s overall airport 
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experience. On the other hand, it could also detract from the experience; for example, 
if the information is poorly presented, inaccurate, or irrelevant. 
The second potential area of benefit of mobile device applications is passenger 
navigation assistance. This area could arguably be grouped with the first; however, 
these areas can have two separate contexts of use: (i) trying to navigate the airport, 
with particular emphasis on finding the required processing activities; and (ii) finding 
information on discretionary activities. On the one hand, mobile devices could make 
it easier for passengers to navigate the terminal by helping them to reach their 
destination quickly and efficiently; on the other, mobile devices could increase the 
time it takes passengers to navigate because they also inform them of things to see 
and do along the way.  
In summary, there are a number of potential problems with using mobile 
devices to help passengers navigate quickly and efficiently; these include: 
- Not all passengers have suitable mobile devices to access information 
(Benjamin, 2012) 
- Some passengers might not know that airport information can be accessed 
through a mobile device 
- Not all passengers who have a mobile device will bring the device to the 
airport 
- Some passengers who do have a suitable mobile devices will not be able to 
use it for some reason (for example, their device is turned off or has a flat 
battery) 
- It is likely some will not use their mobile device because they think they do 
not need to 
- There is a range of mobile device operating systems and the passenger might 
have an incompatible operating system for the airport application (Wellman, 
2012) 
- Even a passenger with a supposedly compatible operating system might not 
be able to install the airport application, due to a specific device maker 
customising the operating system (for example, this can occur on mobile 
devices with the Android operating system from Google) 
- Not all airports have wifi; not all airports provide free wifi; some airports 
have short time limits; and not all passengers are able to access wifi; and 
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airports can require passengers to navigate to an information desk to access a 
password for wifi 
- Of those passengers who do have a suitable mobile device and are able to 
load information, some might have difficulty using it, and/or will have their 
hands full, and/or will not be able to walk around with the device in their 
hand 
- The user might not speak the language the application or web page uses and, 
therefore, might not be able to understand the information provided 
 
One of the issues with using mobile devices is the need to find information in a 
hurry (Wellman, 2012). Not only are passengers faced with time limits, there are 
other usability factors to consider. Imagine a passenger trying to navigate an airport 
with bags in one hand, while trying to manage a small child or assist a less able 
companion. While it might be technically easier for the passenger to navigate using a 
mobile device, this would require taking the device from their bag, accessing the 
airport wifi, downloading the airport app or loading the webpage, and then using the 
device to navigate. Completing these tasks might require the passenger to stop, 
potentially slowing their progress. In this case, using an app or web page on a mobile 
device complicates the task of navigating the airport. This is not to say that such apps 
do not have a place in the airport; rather, there is a need to consider them as an 
additional accessory to the airport experience, and to first ensure that the core 
experience (without the use of mobile devices) is a satisfactory one. Therefore, 
airport navigation should be optimised without the need for passengers to use a 
mobile device. 
With the increase in passenger numbers, constraints on airport terminal space, 
and a reduction in passenger processing time, it is possible that the total amount of 
time passengers spend in the airport is reduced (Harrison, 2012). If this is the case, 
then ensuring that passengers can effectively navigate the terminal assumes even 
greater importance. It is likely that passengers will have to navigate similar physical 
distances, with less time spent in processing activities, and more of the airport space 
devoted to discretionary activities. Many airports are unlikely to become 
significantly smaller as reduced processing requirements, and potentially reduced 
space, could be used for discretionary activities. If a passenger arrives at an airport 
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with less time to spare, providing an effective navigation experience becomes 
paramount. 
3.4 SUMMARY 
This chapter has explored the interaction between the navigator and the 
environment. The navigator, who has navigation goals or tasks to complete, interacts 
with elements in the environment. There is a large body of work that examines 
navigation from a number of different perspectives, including ways to identify the 
elements in the environment (for example, signage and landmarks), the types of 
information available, and the role of other people. However, there is no research 
that identifies how to enable an intuitive navigation experience. To examine this, it is 
necessary to look at the destinations passengers navigate to, with the elements 
(affordances and signifiers) they use as well as the knowledge they themselves bring 
to the navigation experience. 
It is important to note that all navigators are not identical. Due to physical and 
biological differences (Chapter 4) and differences in familiarity (Chapter 5), 
providing a one-size-fits-all navigation experience might not be possible. While there 
is a large body of knowledge on environmental and cognitive elements that 
contribute to navigation, there is a lack of research that examines these aspects in the 
airport environment. Passini (1996, p. 321) provides a useful summary, arguing that 
navigation design needs to: “plan for people’s behaviour in the real setting, that is, to 
design for their ability to perceive, select and understand information when faced 
with dense and stimulus rich environments.” While this chapter highlighted the need 
to understand the elements of the environment, the following chapter explores the 
cognitive and physical aspects of the navigator, and how these can affect the 
Navigation Interaction.  
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Chapter 4: The Navigator 
Navigating an airport requires a passenger to move through a complex 
environment to complete a number of required processing steps (as described in 
Chapter 2). As outlined, the Navigation Interaction has four key components, two of 
which are critical; (i) the navigator and (ii) the environment. In Chapter 3, the 
elements of the environment were discussed. In this chapter, the navigator, who has 
both physical and cognitive abilities, is examined in detail. 
4.1 UNDERSTANDING THE NAVIGATOR 
When a passenger navigates an airport, there is a complex interplay between 
that passenger and the environment. Broadly speaking, the navigator is comprised of 
two major interlinked components: (i) physical components, and (ii) cognitive 
components. In other words, at a very basic level, the navigator has a body and a 
mind. The physical body interacts with the environment, which might stimulate a 
sensory pathway which, in turn, sends signals to the brain. The brain then processes 
these signals, in a number of potential ways (this processing is discussed in later 
paragraphs). The navigator, having processed the sensory information from the 
environment, might then take some form of action in response to the situation.  
The navigator’s physical characteristics play an important role in their ability 
to navigate efficiently and effectively. This is because navigation requires an 
intricate set of muscle contractions to move towards a destination (Ellard, 2009). Not 
all navigators have the same physical abilities; for example, older adults might have 
reduced abilities to travel certain distances or over certain terrains. Those with 
disabilities might also have greater difficulty navigating. 
Information is obtained through sensory receptors, of which humans have a 
number; these include visual, tactile, olfactory, auditory and gustatory receptors. 
While it is possible for all senses to play a role in the way a person navigates, it is 
arguably visual information that plays the most important role. The following 
sections explore how people acquire and process this visual information. This 
exploration, in turn, contributes to an understanding of the factors that enable 
intuitive navigation.  
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4.1.1 The Human Visual System 
The human visual system often plays a vital role in navigation tasks. 
Unimpaired or unrestricted vision can aid navigation performance, while poor or 
restricted vision can result in impaired navigation performance (Gärling et al., 1983). 
This simple fact indicates the importance of vision to the navigator. A navigator with 
poor vision, for example, might not take in certain elements in the environment that 
are useful to navigation. With respect to airports, this highlights the need to 
understand navigators with different abilities, and their interaction with the airport 
environment. 
While the receptors in the eye can take in multiple objects in a scene, the eye is 
only able to focus on a specific point. The human vision system is active in nature, 
and a person’s gaze shifts approximately three times per second, or more than 150 
000 times a day (Rothkopf, Ballard, & Hayhoe, 2007). Important to the localization 
of visual attention are three types of eye movements: (i) fixations, (ii) smooth 
pursuits, and (iii) saccades (Duchowski, 2007). Approximately three times a second, 
the eye moves very fast, reorientating itself. This rapid eye movement—a saccade—
reorientates the fovea (Henderson & Brockmole, 2007), thus allowing multiple 
objects and spaces to be observed. The eye takes in information by fixating briefly on 
small regions of interest, and these fixations account for approximately 90% of the 
viewing time (Duchowski, 2007). Smooth pursuits occur when the eye, maintaining 
fixation on an object or point, moves without a saccade. An example of when this 
might occur is when following a moving car as it drives past. Leigh & Zee (2006) 
discuss how saccades do not interfere with vision, noting how they are normally fast, 
very brief, and usually accurate.  
Eye movements can exhibit a pattern in certain environments. Wolfe et al. 
(2011) argue that real scenes are complex but not random, citing how objects 
conform to rules such as how things look (for example, an airplane is usually a large, 
long tube with wings sprouting off the body), or where they are located (for example, 
planes are usually found at airport terminals). These regularities provide scene-based 
guidance. Hayhoe et al. (2007) provide examples in which people learn where the 
eye should fixate in space at certain times. Such examples include a person 
undertaking tasks such as driving, walking or playing sports. One example is tennis, 
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where a player’s eyes move to fixate on the ball’s projection, allowing the player to 
move and physically hit the ball. Waiting for the ball to be at the space before 
fixating would result in a mistimed or missed shot. This learned behaviour is 
achieved through pro-active saccades (Hayhoe et al., 2007). Eye movement can vary 
depending on the task at hand; for example, viewing a picture is significantly 
different from the task of reading (Duchowski, 2007). When viewing a picture, the 
eye fixates on points of interest, whereas reading requires eyes to fixate on specific, 
sequential points. 
Identifying the point of a gaze is relatively straight forward; however, 
identifying which objects in the scene are being processed by the brain is not so easy 
(Rothkopf et al., 2007). Visual information is sent to the brain, where processing 
occurs. Due to the extremely complex nature of the brain, and the psychological and 
experiential differences between individuals, there is debate over the specific details 
of how information is processed. It is recognised that there are two types of image 
processing: preattentive and attentive processing. Wolfe, Võ, Evans and Greene 
(2011) note that preattentive processing occurs over an entire image, and is involved 
in processing features such as colour and orientation. In the airport context, a 
passenger might examine the check-in area, and acquire an overall image of the area. 
They might then use attentive processing to attentively examine a particular element 
in the area, for example, a specific check-in desk. 
 Non-selective processing occurs in parallel with selective processing (Wolfe et 
al., 2011). Wolfe et al. (2011) discuss selective and non-selective pathways, 
describing how the non-selective pathway enables a person to take in the scene; for 
example, when looking at a forest. The non-selective pathway allows a person to 
obtain an overall image of the forest, while the selective pathway allows a person to 
examine the detail on a tree, or a bird, for example. Non-selective information could 
be important for navigation. Wolfe et al. (2011), for example, suggest that the non-
selective pathway could be used to direct the eyes (and attention) to focus on specific 
locations. Other evidence of the usefulness of non-selective pathways is shown in 
expert searches, such as when a trained airport security officer searches for threats, 
and senses the presence of a target before finding it (Wolfe et al., 2011). 
Simply because something is in front of the observer, or an object appears to be 
obvious, does not mean they will see it. People can experience inattentional 
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blindness, where they fail to see highly visible objects when their attention is 
elsewhere (Mack, 2003). It should also be noted that this phenomenon can also occur 
with both the auditory system (for example, failure to hear a noise) and the tactile 
system (for example, failure to register pressure) (Mack, 2003). In the airport 
context, people might focus on a sign, but not process the information, or even 
remember that they looked at the sign. 
According to Chown (1999), human object recognition systems tend to be 
heavily invested in generalisation; for example, landmarks are often recognised 
despite changes in the viewing orientation, distance, lighting and background 
contrast. This generalisation can be useful, for example, in identifying check-in or 
boarding gate areas at different airports that have similar, yet different elements and 
layouts. At the same time, this generalisation can make it difficult to discriminate 
between similar objects, such as differentiating between two oak trees, or two streets 
in the same neighbourhood (Chown, 1999). This inability to discriminate similar 
objects could be significant for passengers navigating airport terminals. While two 
objects might be technically different—for example, two signs with an identical 
layout, and similar but slightly different text—a passenger could view them as the 
same.  
This section has begun to explore some aspects of the human visual system, 
and indicates that all information from the surrounding environment is not simply 
directly processed and understood. People can have individually different 
experiences, even in the same environment. Combined with the fact that people have 
different previous experiences and levels of familiarity (Chapter 5), this indicates the 
difference and complexity of individual navigators. 
4.1.2 Visual Search 
To move through the environment, avoid obstacles, and navigate to the correct 
destination, the navigator needs to acquire information about their surroundings. The 
process of visually searching for something in particular is a two-stage one 
(Duchowski, 2007, p. 251): 
1. A visual search for a target and 
2. A decision process to identify the found item as either target or non-
target 
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People do not simply actively search for information from the environment, 
however: something might catch their eye while they are navigating. In the bottom-
up model, or visual saliency hypothesis, it is proposed that there are objects that the 
visual system is drawn to (Henderson & Brockmole, 2007). In the top-down model, 
or cognitive control model, the visual system directs the eye fixation to areas of 
interest based on prior knowledge (Henderson & Brockmole, 2007). In a complex 
navigation task, it is likely that people will search for items based on prior 
knowledge, and have their interest captured by other objects in the environment.  
Determining where fixation is likely to take place in the environment could be 
important when trying to improve the navigation experience. Henderson & 
Brockmole (2007) note that the visual saliency hypothesis (the bottom-up model) has 
become the dominant view in computational literature in recent years. Notably, 
however, Henderson & Brockmole (2007) conducted fixation experiments with 
participants on photographs of real-world scenes during an active search task. They 
found that evidence for the visual saliency hypothesis is relatively weak, and that 
existing evidence favours the cognitive control hypothesis (the top-down model). 
Arguable, however, this depends on the situation at hand. The visual saliency 
hypothesis might be suitable, or at least be more likely to be used, when navigating 
and search is undirected; for example, while the navigator is aimlessly wandering 
through a retail area or museum. The cognitive control hypothesis, on the other hand, 
might be used when there is a specific destination, such as when the navigator is 
navigating to a specific entrance or a specific boarding gate. 
Rothkopf et al. (2007) used a virtual reality environment to explore how people 
navigate. To provide eye-tracking data, 19 participants wore a head-mounted virtual 
reality display that placed LCD screens in front of their eyes. This helmet also 
contained a video-based eye tracker. Participants then walked through the virtual 
environment, with conditions varied between participants regarding different types of 
navigation tasks. Through these experiments, Rothkopf et al. (2007) found that task 
requirements primarily determined where gaze was directed in the scene. During 
certain tasks, such as approaching or avoiding objects, bottom-up saliency was not a 
good predictor for the direction of human gaze (Rothkopf et al., 2007). This result is 
relevant to people’s navigation to destinations in airports. Rothkopf et al. (2007) 
indicates that signage and/or structures designed to capture attention might not be 
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enough, and that people might look for objects based on their familiarity with the 
navigation task.  
Rothkopf et al. (2007), however, had certain limitations, including the fact that 
it was a simulated rather than a real world environment, and that all the subjects were 
undergraduate students. It is doubtful that the simulated environment is an adequate 
substitute for the real world environment, which is arguably more complicated, and 
less defined. Kingstone, Smilek, Ristic, Friesen, and Eastwood (2003, p. 179) argue 
that, in general, previous studies of visual search “have typically used very 
impoverished stimuli (e.g., coloured rectangles) and have led to the development of 
several models in which attention is thought to be orientated only to primitive 
stimulus features (e.g., a unique colour or shape) or some special combination of the 
primitive features…”.  Kingstone et al. (2003, p. 179) discuss how other, real world 
studies indicate an alternative result in that “in visual search, attentional orientating 
can be triggered not only by primitive features but also by complex object properties 
like social significance.” For this reason, it is important to consider the 
characteristics of the observers, such as their emotions, goals, and evolutionary 
histories, as well as the characteristics of their every-day environment (Kingstone et 
al., 2003). 
Understanding that there could be differences in how fixation is generated is 
important. A passenger with previous experience of the airport terminal in question 
might fixate based on their familiarity with their surroundings. A passenger with no 
familiarity of the airport in question might actively search for something, but fixate 
at certain points based on their familiarity with similar navigation experiences. 
Alternatively, a passenger with no familiarity might fixate on elements of interest, or 
elements that stand out in the environment. 
If passengers navigate using the cognitive control model, where fixation is 
directed by familiarity with the environment, airports need to design with this in 
mind, by using familiar elements placed in familiar locations. This might be useful in 
creating an intuitive navigation process for those who are familiar with airports. 
However, for those with little or no familiarity with airports or similar environments, 
the environment should be designed for certain elements to capture attention, in line 
with the visual saliency hypothesis. 
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In Pinelo da Silva’s (2010) research, participants navigated through a 
neighbourhood wearing eye-tracking glasses. These were used to identify what 
people looked at and  their eye movement patterns, and to gather information about 
the relationship between eye movements and the associated mental processes. 
Participants were given three navigational tasks: (i) to become familiar with the area, 
(ii) to use knowledge to link two known points through the shortest route, and (iii) to 
retrace a previously used route. Results show that participants paid high levels of 
attention to building edges and to pedestrians. While they scanned the environment 
throughout the journey, a significant amount of scanning occurred around junction 
areas (Pinelo da Silva, 2010).  
As people navigate an environment, they are not simply searching for a 
destination. They might scan the scene or the ground for any potential issues or 
hazards. Pinelo da Silva (2010, pp. 131,132) notes how subjects in his research 
performed a sequence of actions when crossing the street:  
This normally occurs in a sequence which starts with a scan of the ground, 
which includes the transition to the physical element that materialises this 
change, the curb, and follows the ground obliquely to the curb to 
approximately the middle of the street while the gaze lifts from the ground in 
order to cover more terrain and assess for the presence of vehicles at a 
distance.  
In this instance, the participants first assessed their immediate surroundings, 
then scanned more distantly for issues or threats (Pinelo da Silva, 2010).  
The presence of a particular element in the airport environment, does not 
necessarily mean that people will see and process it. In Pinelo da Silva’s 
experiments, all participants overlooked two narrow side streets/alleyways (Pinelo da 
Silva, 2010). These side streets differed in configuration from other side 
streets/alleyways in the experiment, and were difficult to identify when approaching 
on the footpath. Pinelo da Silva (2010) notes that despite the subjects paying 
attention to configuration during this navigation task, some elements were 
disregarded and not perceived. Pinelo da Silva (2010) also investigated whether 
people local to the area would include the two narrow side streets/alleyways in their 
cognitive maps, and found that while many included the first, only some included the 
second. While this indicates the importance of familiarity with an area when 
navigating, it also highlights that despite people being familiar with an area, elements 
in the environment can still be overlooked. 
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4.1.3 Cognition 
Navigation is a complex task that involves multiple cognitive processes and 
components (Wiener et al., 2009), and individual differences such as age, gender, 
level of education, occupation and cultural background (Xia et al., 2008). Past 
experiences also play a role: people not only perceive environmental information 
directly from their spatial settings, but also from memory and knowledge of the 
setting and other similar settings (Passini, 1984). Most importantly, differences in the 
way individuals process information—that is, in human cognition—can also result in 
widely different images of the same outer reality (Caduff & Timpf, 2008). This 
section explores a number of elements of human cognition, and discusses how this 
knowledge is relevant to the consideration of navigation in the airport environment. 
There has been significant research into the biology of navigation, and how 
people might have an inbuilt GPS to assist in navigation. Cells in the hippocampus 
provide the rest of the brain with a spatial reference map (O'Keefe & Dostrovsky, 
1971). There are specific cells called “place cells”, which maximally fire when the 
navigator is in a specific location, for example, in one part of a room (O'Keefe, 
1976). When in another part of the room, other nerve cells fire.  
The entorhinal cortex, furthermore, holds “a directionally orientated, 
topographically organized neural map of the spatial environment. Its key unit is the 
‘grid cell’ (Fyhn, Moser, Hafting, Moser, & Molden, 2005, p. 801). The grid cells 
provide a generalised, path-integration-based map of the spatial environment (Fyhn 
et al., 2005). Findings by Sargolini et al. (2006) indicate that grid cells within the 
enthorinal cortex, are able to process positional, directional and translational 
information, and this enables grid coordinates to be updated during navigation.  
These findings on the inner GPS within the brain are relevant, as a navigator 
with familiarity of an environment would be likely to have some cognitive map, with 
knowledge of the layout and the organisation of activities/destinations. This 
knowledge/reference map might assist the navigation process. These findings 
indicate that both the hippocampus and the entorhinal cortex play important roles 
during navigation. 
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Cognitive Mapping 
A cognitive map can be defined as “a mental construct of an environment 
which cannot be seen from one single vantage point alone” (Arthur & Passini, 1992, 
p. 23). For example, a navigator moving through a space, will take in information, 
and a cognitive map can be created. Cognitive mapping is “an abstraction covering 
those cognitive or mental abilities that enable us to collect, organise, store, recall and 
manipulate information about the spatial environment…. Above all cognitive 
mapping refers to a process of doing: it is an activity that we engage in rather than an 
object we have. It is the way in which we come to grips with and comprehend the 
world around us.” (Downs & Stea, 1977, p. 6). Therefore, cognitive mapping “is a 
structuring process that integrates into a whole what has been perceived in parts” 
(Arthur & Passini, 1992, p. 23). 
Human cognition is limited in a number of ways, including the amount of 
visual information that can be captured from the environment, and the amount of 
visual information that the brain can process (Hayhoe et al., 2007). Therefore, 
cognitive mapping is useful as the navigator  only processes some of the information 
in the environment (Caduff & Timpf, 2008). A cognitive map is a type of spatial 
representation. There are two types of spatial representation that should be 
distinguished (Montello, 1993; Passini, 1996; Peponis et al., 1990). The first is the 
representation of space that is perceived from one vantage point, while the second is 
the representation of space that cannot be seen from a vantage point alone. This 
second representation—a  cognitive map—is constructed through multiple views at 
different points within a space (Passini, 1996).  
Understanding how humans perceive the world around them requires more 
than a simple listing of all the visual stimuli in an area; it also requires an 
understanding of what humans focus on or glance over, and how they then interpret 
what they have perceived (Arthur & Passini, 1992; Lynch, 1960). As more 
information is taken in, cognitive maps can become more comprehensive and precise 
(Mollerup, 2005). As time passes after interaction with an environment, cognitive 
maps can become less comprehensive and precise. This can be for a number of 
reasons, including the navigator forgetting information and the environment itself 
changing (Mollerup, 2005). 
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Cognitive mapping is a useful concept in understanding why people could have 
difficulty in airport environments. Firstly, airports are often large, and the overall 
view, or even parts of the view, are not accessible from a single vantage point; this 
requires the passenger to navigate the airport to develop a cognitive map. Many 
passengers might not have used a particular airport before, and have to build up a 
cognitive map as they pass through. Some passengers might have a partial cognitive 
map based on familiarity with other airports; for example, they might have a map of 
the processing steps to complete. Passengers who use a particular airport frequently 
are likely to have a more detailed cognitive map, which could aid them in making 
navigation decisions.  
When moving through an unfamiliar environment, a navigator creates a frame 
of reference which is independent of position (Pinelo da Silva, 2010). This is 
achieved as the navigator creates self-to-object relations, which, in turn, are 
transformed into object-to-object relations (Pinelo da Silva, 2010). Pinelo da Silva 
(2010, p. 117) explains how, when navigating in increasingly familiar environments: 
 …the same self-to-object relations are used so that location within the 
reference frame (the cognitive map) can be achieved. This explains why at 
vantage points or when using maps (or other media), from which a more 
general perspective is gained and several elements of the layout can be 
identified, the accuracy of the cognitive map is improved. It acknowledges, 
validates or corrects object-to-object relationships which had been recorded 
not directly but through the relation to the self… 
From a navigation perspective, it would be beneficial for airports to provide, at 
the outset, a vantage point from which the entire navigation pathway is shown. Due 
to a number of constraints, however, this might not be possible. As an alternative, 
they could make use of maps or other media, to build/improve a passenger’s 
cognitive map, either before the navigation journey, during an initial navigation 
process (for example, when navigating to check-in), or throughout the navigation 
journey. Additionally, if airports have similar layouts, a passenger might be able to 
use familiarity of one airport to assist navigation in another. 
There can be a difference between a person’s understanding of the environment 
and their wayfinding performance (Peponis et al., 1990). That is, a person could 
understand the overall form of a building, but have difficulty wayfinding. On the 
other hand, they might not understand the overall form of the building, but  
wayfinding is easy because the path is constrained. While constraining the path 
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might seem like a simple solution, it could be difficult to achieve in many 
environments. In complex environments such as airports, there can be multiple 
locations and services at different points. Different passengers might have to, or want 
to, navigate to these different points. Laying out all these services sequentially could 
result in very long paths for passengers to traverse, thus creating new navigation 
issues. Additionally, there might not be space available to place activities 
sequentially within a building. 
A common method of investigating cognitive maps is to ask people to sketch 
maps of an area after the navigation task (Sommer & Sommer, 1997). In these 
sketches, they are asked to indicate elements they think are relevant, such as 
buildings or landmarks. Baskaya, Wilson and Özcan (2004) found that people’s 
wayfinding performance correlated with performance in sketch-map tasks, and with 
their answers to a questionnaire about each building. While sketch maps can provide 
valuable data, they also have limitations, including their subjectivity and 
retrospectivity. There can be a disconnect between a person’s recollection of the 
interaction, and the actual experience of the interaction (Abrams & American 
Marketing, 2000).  
4.1.4 Memory and Perceptual Load 
During or after completing a navigation task, the navigator might not 
remember every detail of the environment, or the steps that were completed. This is 
because humans do not have unlimited memory storage. This is important to consider 
when designing for navigation, as it has implications for the layout and complexity 
of an environment. For example, presenting destinations sequentially, or providing 
the navigator with too many choices, could create overload. There are also 
implications for how often information is presented and displayed; requiring the 
navigator to remember too much information can create confusion if the navigator 
forgets the information or needs reassurance. 
There is a limit to how much information can be stored in the human short term 
or working memory (Miller, 1956). There is, however, some debate over the number 
of items, or chunks of information, that can be stored (Jonides et al., 2008). Miller 
(1956) found that short term memory can store seven (plus or minus two) chunks of 
information. Cowan (2001), on the other hand, argues that short term memory 
averages about four chunks of information, plus or minus one. In further contrast, 
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there is evidence that short memory might be even more limited, with only one 
chunk of information instantly accessible from short term memory (Garavan, 1998; 
McElree, 2001; Verhaeghen & Basak, 2005). 
Oberauer (2002) argues that four items or chunks of information can be stored 
in short term memory, with only one of the four items the focus of attention at any 
one time. In tasks that require focus on multiple items, temporarily activated 
representations in long term memory are involved (Oberauer, 2002). Understanding 
the limitations of short term memory is important, as environments and navigation 
information can then be optimised to provide suitable amounts of information during 
the Navigation Interaction. Too much information might overload passengers, while 
too little information might not be enough to enable effective navigation. 
It is argued that the short-term memory system is serial in nature, and this has a 
significant impact on how information is processed (Simon, 1996). For example, 
unattended objects can also be stored in memory. The number of unattended objects 
appears to be dependent on the difficulty of the perceptual task/load. According to 
Mack (2003, p. 182), “When the perceptual load is high, only attended stimuli are 
encoded. When it is low, unattended stimuli are also processed.” This indicates that 
consideration  of the number of objects or elements within the environment might be 
required. Minimising the difficulty of the perceptual task, could result in passengers 
also processing unattended stimuli, and this could result in faster, easier navigation. 
Long-term memory can also play an important role in navigation. Not only can 
specific routes be stored in long-term memory, so too can strategies that can be used 
to navigate environments that have not been previously encountered. Issues with 
long-term memory include the large amount of time (up to 5-10 seconds) that can be 
required to transfer information into long-term memory stores (Simon, 1996). 
Another issue is that not all information in short-term memory is transferred into 
long-term memory. A third issue is that information that is stored in long-term 
memory is not always accessed at an appropriate time (Simon, 1996). Long-term 
memory and familiarity are discussed in further detail in Chapter 5. 
Considering this in the airport context, a passenger who has previously 
navigated the airport might have taken in large amounts of information from the 
environment, information that was stored temporarily in short term memory. Some of 
this information (potentially ranging from virtually nothing to almost everything) 
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could be transferred into the long-term memory store. Next time the passenger uses 
the airport, they might be able to recall information about the route that was used to 
navigate on previous occasions. However, as long-term memory might not store all 
the detail of previous interactions, the passenger might only have some or very little 
relevant navigation information. 
4.2 NAVIGATION STRATEGIES AND ORIENTATION 
To complete navigation goals or tasks, the navigator can use certain strategies. 
Navigating a space often requires choosing between multiple options, and these are 
not necessarily always clear. Alternatively, different navigators moving through the 
same space might have different navigation priorities. Understanding the strategies 
that people use is important, as spaces can be designed to accommodate certain 
strategies, potentially enabling intuitive navigation. 
Exploring how information can be communicated to people as they navigate a 
route, Allen (2000) notes that people do not need to remember all the details of a 
route, but simply enough to discriminate among choices that appear along the way. 
For this reason, there is a factor of uncertainty in every effort (Allen, 1999). Even 
experienced navigators might not have perfect cognitive maps or remember all 
details of previous navigation experiences. Chown (1999) provides three reasons for 
this: First, the world is constantly changing; second, maintaining comprehensive 
representations is expensive (that is, it requires a very large amount of information to 
be stored); and, third, all systems are prone to error (Chown, 1999). An incomplete 
cognitive map does not necessarily result in a navigational failure, however; rather, 
humans have strategies than are used to compensate (Murakoshi & Kawai, 2000). 
Additionally, people often travel to new destinations, and might not have 
encountered the exact organisation of elements and space before. Even when 
repeatedly travelling between familiar destinations, no two wayfinding attempts are 
exactly alike (Allen, 1999). 
A wayfinding strategy can be defined as “a rational principle of search, 
decision, and motion” (Mollerup, 2005, p. 43). This definition excludes random 
seeking; for example, when the navigator becomes lost and does not know where 
they are (Mollerup, 2005). However, it could be argued that doing anything at all 
could be a navigation strategy, even if it is a poor or ineffective strategy.  
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Mollerup (2005) describes nine navigation strategies (Table 4.1), and notes that 
a navigator might use a mix of strategies when navigating. For example, they might 
systematically search an area (Screening); find then follow arrows to a point (Track 
following); or identify a landmark associated with the navigation point and move 
towards it (Aiming). These strategies are a useful starting point in understanding the 
various ways in which a navigator can look for and use elements; however, these 
strategies have not been empirically tested. 
Table 4.1.  
Wayfinding Strategies (Mollerup, 2005) 
 
Wayfinding Strategy Description 
Track following Following lines, arrows or other tracks 
Route following Following a plan  
Educated seeking Using syllogisms (using deductive reasoning to arrive a 
conclusion) 
Inference Concluding from sequential designations 
Screening Systematic searching 
Aiming Visual targeting 
Map reading Using fixed or portable maps 
Compassing Using compass directions 
Social navigation Learning from others 
 
There are various aspects that can influence the way humans navigate. This 
spatial decision making can be described as a planning process, with a series of 
spatial decisions being made as navigation occurs (Gärling, Säisä, Böök, & Lindberg, 
1986). Potential ways people use to determine which path to take include 
determining a straight line between points, and determining the shortest path 
(Gärling et al., 1986). Pinelo da Silva (2010, pp. 39, 40) also cites a number of 
strategies that can be used to select a route, including the one with the fewest turns or  
the least angular change; the one that is the shortest or has minimal slope; the one 
that maximises/minimises specific types of social encounter (for example, avoiding 
congestion); the most aesthetic; and the one with natural or artificial elements. One 
or a number of these strategies might be used, depending on the environment and the 
experience of the navigator (Pinelo da Silva, 2010). 
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Investigating how people navigate inside buildings, Beaumont et al. (1984) 
found that people use a variety of activities to complete a navigation task. These 
activities include reading written signs, asking others for directions, following a 
person who seems to know the way, and wandering through or exploring the 
building. Eleven different navigation activities were identified. These activities are 
sorted into categories—using signs, reading building, asking people, and 
regressing—as shown in Table 4.2. The researchers note that people do not simply 
use one activity to navigate; rather, two activities were commonly used, and 
sometimes up to three or four (Beaumont et al., 1984).  
 Table 4.2.  
Navigation activities adapted from Beaumont et al. (1984) 
 
Category 
Using 
Signs 
Reading 
Building 
Asking 
People 
Regressing 
Activities 
Read main 
directory 
Wander Ask directions  Backtrack 
Preview Ask directions in 
foyer 
Seek or read 
sign 
Interpret  layout Follow others 
Look for stairs or 
lift 
Bring 
friend/spouse 
 
Beaumont et al. (1984, p. 83) also categorise each activity as either “a self- 
help/progressive action”, defined as “those actions done in anticipation that they 
were correct and would provide positive clues to reading the destination”, or “a seek- 
help/regressive action”, defined as “those actions carried out in a state of uncertainty 
or following the realisation that an error has been made.” It was also found that 
“most people also used at least one seek-help action after finding that self-help 
actions were insufficient to find one’s way” (Beaumont et al., 1984, p. 83). In their 
study, self-help/progressive actions outnumbered seek-help/regressive actions by 
three to one. There was no foolproof navigation action, with the potential for 
difficulty when using either self-help/progressive actions or seek-help/regressive 
actions (Beaumont et al., 1984).  
Navigation becomes more complicated when there are multiple destinations to 
navigate to, and when the optimal order in which to move between points is not 
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clear. Gärling et al. (1986) conducted a study in Sweden to explore how people 
determined the sequence in which they would visit a series of destinations. They 
found that when deciding on the path to travel between locations, people first 
decided on the order in which to travel to the locations and then determined the 
shortest path between pairs of locations in their chosen sequence. While the Local 
Minimising Distance (LMD) heuristic might be useful in making wayfinding 
decisions, other factors such as path attractiveness, cost, time and discomfort, can all 
impact on the choices made.  
When navigating a complex environment, a navigator needs to have some form 
of understanding of where he/she is in relation to the environment. Spatial orientation 
can be offered by a number of elements and spaces within the environment. 
Generally speaking, there are two main strategies. The first of these is the 
“orientation strategy”, where a person orientates themselves to global reference 
points, such as the cardinal directions (North, South, East, West) or the position of 
the sun (Lawton & Kallai, 2002; Pinelo da Silva, 2010). The second strategy is 
“route strategy”, where a person refers to landmarks to navigate (Lawton & Kallai, 
2002; Pinelo da Silva, 2010). In contrast, Hölscher et al. (2006) propose three distinct 
strategies for navigation within buildings: 
1. The central point strategy: Using this strategy, the navigator sticks, as 
much as possible, to the well-known parts of the building, for example, 
the main connecting corridors. This strategy can add distance and time to 
the overall journey. 
2. The direction strategy: In this situation, the navigator heads towards the 
horizontal position of the goal as directly as possible, irrespective of level 
changes. 
3. The floor strategy: In this approach, the navigator first finds their way to 
the floor of the destination, irrespective of the horizontal location of the 
destination. 
Peponis et al. (1990, p. 556) suggest that “after brief exposure to a building, 
people tend to consistently direct themselves toward the spaces from which the rest 
of the building is more easily accessible.” They explain how the navigator might not 
simply be relying on landmarks or signs, but also acquiring an understanding of the 
configurational properties of the space. 
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Airports might not be very accommodating of certain strategies, such as 
orientation via the sun or via the cardinal directions (Lawton & Kallai, 2002; Pinelo 
da Silva, 2010). Furthermore, many airports have level changes, and passengers 
might often only use one navigational strategy. Whatever the navigation preferences, 
the identification of these preferences would enable new airport terminals to be built 
with these in mind. 
Kato and Takeuchi (2003) explored individual differences in navigation 
strategies, using the think-aloud method. This allowed monitoring of the participants 
while they were navigating. Participants were required to navigate twice, on foot, 
through a neighbourhood. On their first trip, they were led by one of the 
experimenters, while on the second, they had to find their own way. The experiment 
consisted of two groups of participants, one with a good sense-of-direction (GSD), 
and the second with a poor sense-of-direction (PSD). Kato and Takeuchi (2003, p. 
185) found that GSD participants “were likely to adopt both or either of two 
strategies: (1) full or partial reliance on the absolute reference system (of cardinal 
directions), and (2) effective memorising and using of landmarks on the basis of 
excellent sensitivity to the differences between scenes or objects found in the 
environment.” It was found that PSD participants did not successfully apply either 
strategy to route learning. The authors note that both strategies could lead to good 
wayfinding performance by the construction of a configurational mental map of the 
area. 
Those who were considered genuine PSD types could be classified into two 
groups: one of participants who were mistaken in the choice of strategies; the other 
of those who showed a timid attitude to a new environment and were too dependent 
on others for navigation. While being too dependent on others could be considered a 
hindrance, the authors note that depending on others is also one of the most effective 
strategies that most of us employ when encountering a new environment. The ability 
to be flexible in choosing a strategy might be one of the most important factors 
affecting wayfinding. Participants with PSD could have difficulty when faced with  
flexible choices.  
In the laboratory, routes are often learned uni-directionally, whereas, out of the 
laboratory, most participants learn routes in both the original and reverse direction 
(Golledge, 1999). This multi-directional learning is not always possible, as barriers, 
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such as one-way travel or other constraints, can prevent an exact retrace (Golledge, 
1999).  This could be of relevance to passenger movement in airports, which tends to 
be one directional. For example, passengers move from check-in to security, security 
to customs, and from customs to the gate via retail outlets. While it might not be 
useful or practical to allow passengers to move back and forth between the main 
sections, it is important to consider how people identify the direction of their 
location, and at what stage of the journey they are in relation to other sections of the 
airport. Limiting a passenger’s ability to navigate the airport in reverse could reduce 
their ability to learn the layout of the airport. 
4.3 GENDER AND AGE 
A number of studies have found differences in the way males and females 
navigate (Allen, 2000; Lawton, 1994; Prestopnik & Roskos-Ewoldsen, 2000). For 
example, in America, participants’ familiarity with a town was examined by 
Prestopnik and Roskos-Ewoldsen (2000). Gender and sense of direction were found 
to be the best predictors of navigational ability, while familiarity followed closely.  
Differences between the genders in navigational ability could be due to 
biological differences or to societal influences, or a combination of both. Research 
by Allen (2000) found that men exhibited fewer navigational errors than women in 
more complex environments. Lawton (1994) and Lawton & Kallai (2002) argue that  
men are more likely to use an orientation strategy, where the navigator keeps a sense 
of their position in relation to a set of reference points in the environment. In 
contrast, women were found to be more likely to use route strategy, where the 
navigator uses instructions on how to get between points (Lawton, 1994; Lawton & 
Kallai, 2002). However, a number of studies have found no significant differences 
between the genders (Li & Klippel, 2014; Liben, Myers, & Christensen, 2010; Liben, 
Myers, & Kastens, 2008).  
Chebat et al., (2008) used a regional shopping centre to study differences in the 
ways the two genders navigate (Chebat et al., 2008). They note that the general 
school of thought is that females tend to be more inclined to use landmarks. This 
could be due to females using more object properties, such as shapes and colours 
(Chebat et al., 2008). Males, on the other hand, might use more spatial properties 
such as location and spatial relations; this helps to explain why they might be more 
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inclined to use physical or cognitive maps to help find their way (Chebat et al., 
2008). However, they found that men made more use of landmarks than women—a 
finding that is the opposite of what was expected (Chebat et al., 2008), and counter to 
what is generally accepted in other literature (Lawton, 2010). The researchers also 
found no significant difference between genders in the use of maps.  
The findings of Chebat et al. (2008) indicate that while differences between the 
genders might be categorised, the types of information used by each gender might 
vary depending on the environment. Specific knowledge of how the genders navigate 
in one environment might not be transferable to another environment. Considering 
navigation in the airport environment, this highlights the need to study passengers in 
actual airports to provide a more accurate understanding of their navigation 
behaviour. 
Age could also affect the Navigation Interaction. Elderly adults might have 
greater difficulty navigating due to cognitive and physical decline. A number of 
researchers—including Head and Isom (2010); Barrash (1994); Moffat, Zonderman, 
and Resnick (2001); and Wilkniss, Jones, Korol, Gold, and Manning (1997)0—have 
found that older adults have greater difficulty learning new routes than younger 
adults. However, when comparing the performance of older and younger participants 
in real world settings, the results are less consistent (De Beni, Pazzaglia, & Gardini, 
2006). A number of studies indicate that older adults can adequately perform 
navigation tasks in real world settings (Lachman & Leff, 1989; Schaie, 1993; Willis, 
1991).  
In an examination of the navigation of university students (Lawton (1994), 
older students reported lower anxiety than younger subjects in a wayfinding test. 
However, it is noted that it was not possible to determine whether these differences 
were due to the effects of ageing or to more experience. Middle-aged and older 
adults, therefore, could benefit from the increased experience that age brings. 
Currently, there is no research on how age affects navigation within the airport 
context. 
4.4 STRESS AND ANXIETY 
The organisation of the environment can either create fear, or promote a sense 
of security in the user (Lynch, 1960). Factors that could offer security to the 
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navigator include other people, access between areas, and visibility (such as windows 
and lighting) (Pinelo da Silva, 2010, p. 206). Coherence, predictability and regularity 
(note that regularity does not equate to repetition) could also provide confidence 
(Pinelo da Silva, 2010, p. 206). However, the use of these features could cause other 
issues. The reason why labyrinths are difficult to get out of, for example, is that they 
feature uniformity and repetition, and lack distinctive elements (Passini, 1996). 
In an American study of undergraduates, women were more likely to report 
anxiety about navigation (Lawton, 1994). It is worth noting that this is reported 
anxiety, which might not be the same as actual anxiety. It is likely that many people 
experience some level of increased stress or anxiety before flying overseas. 
Travelling overseas can be a highly stressful time, as people worry about everything 
being packed, having the correct documentation, being at the boarding gate on time, 
or about flying itself. Lawton (1994, p. 776) hypothesises that “individuals who do 
not maintain a sense of their own position with respect to the overall environment are 
likely to become confused and anxious should they inadvertently turn off their 
intended route…”, and that “anxiety about becoming lost might reduce ability to 
focus on the cues necessary to maintain geographical orientation.”  
Thus, when considering how passengers navigate the terminal, it is important 
to consider how stressed or anxious they are. Passengers who are more stressed or 
anxious might miss or misread signage. If, in turn, airports put more signage in, the 
airport could appear more complex, and counterproductively increase passenger 
stress and anxiety. 
4.5 SUMMARY 
This chapter has discussed the properties of the navigator. With both physical 
senses and cognitive abilities, the navigator perceives the environment, processes 
information, and executes decisions. During navigation, there is a range of physical 
and cognitive abilities that can be used. The visual system is important as it provides 
a broad range of information about the surrounding environment, which is processed 
by the brain. The navigator makes decisions and implements actions based on the 
information acquired from the surrounding environment, as well as from information 
and/or strategies that have been learned from previous navigation tasks. The 
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following chapter explores the concept of intuitive navigation, and how it is enabled 
by the navigator’s familiarity with the environment.  
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Chapter 5: Intuitive Navigation 
Previous research by Siedel (1982), Passini (1984), and Churchill et al. (2008) 
indicates that passengers are not always consciously aware when they navigate to a 
destination. Passini (1984) found that a person, when navigating, could behave in a 
quasi-automatic way, would know what to do without paying any particular 
attention, and would have a hard time verbalising their plans. Certain tasks can be 
performed, easily and accurately, with minimal attention required. An example of 
this quasi-automatic behaviour is food shopping in a familiar supermarket, where 
people navigate with minimal attention (Passini, 1984).  
Similarly and ideally, passengers should be able to navigate easily and 
efficiently through airports, with minimal conscious effort. To achieve this ideal, the 
theory of intuitive interaction can be transferred to the airport context. Intuitive 
interaction with products/systems is evident through interactions that are fast, 
semi/non-conscious and generally correct (Blackler, 2008; Blackler, Popovic, & 
Mahar, 2010). Familiarity with the features of the product/system in question, or with 
similar products/systems/features (Blackler, 2008). Intuitive navigation, therefore, 
would involve navigation of an environment with interactions that are fast, semi/non-
conscious and generally correct. To enable intuitive navigation, the user would be 
familiar with the navigation task and environment, or other similar navigation tasks 
and environments. 
The link between intuitive interaction and technology familiarity is firmly 
established (Blackler, 2008; Blackler et al., 2010; Hurtienne & Blessing, 2007; 
O'Brien et al., 2008). Through using familiar features from a user’s previous 
experience, it is possible to reduce the amount of learning required, as many features 
are already understood (Blackler, 2008). Examining navigation within a building, 
Hölscher and Brösamle (2007) establish that familiarity with the building in question 
can lead to improved navigation performance. Designing airports for intuitive 
navigation requires an understanding of passenger familiarity with airports or other 
similar navigation tasks. However, there is currently little knowledge about the 
elements with which passengers are familiar in the airport context. 
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5.1 INTUITIVE INTERACTION 
There are various definitions of intuition (Betsch, 2007). However, work by 
Blackler (2008) on intuitive interaction with products is a highly relevant place to 
start. Blacker (2008, p. 65) explores how people use products intuitively, and defines 
intuition as “a type of cognitive processing that utilises knowledge gained through 
prior experience (stored experiential knowledge)… a process that is often fast and is 
non-conscious, or at least not recallable or verbalisable.” In a similar way to 
Blackler, Betsch (2007) defines intuition as a cognitive process, using information 
acquired via associative learning, which has been stored in long term memory, used 
automatically, and without conscious awareness.  
Intuitive interaction with products “involves utilising knowledge gained 
through other experience/s (for example, use of another product or something else). 
Intuitive interaction is fast and generally non-conscious, so that people would often 
be unable to explain how they made decisions during intuitive interaction” (Blackler, 
2008, p. 107).  Intuition is evident when making quick decisions, even when there is 
little practical difference between the choices. One example is the way people are 
able to make immediate, often effortless judgment about two pieces of clothing and 
indicate which piece they prefer (Hogarth, 2007).  
Some of the properties of intuition are: prior experience, non-conscious 
processing, speed, and correctness (Blackler et al., 2010). Prior experience can either 
be of the same task or of a similar task. Hogarth (2001) uses the term “cultural 
capital”, describing this as a stock or an inventory of intuitions that is acquired over 
time. For example, a passenger might not have used the airport in question before, 
but might have used another airport, and this previous experience could either assist 
or hinder them. Alternatively, a passenger might have never used an airport before, 
but might have experienced similar activities, for example, navigating in a railway 
terminal.  
Familiarity was found to be a significant factor in intuitive use, with users who 
were familiar with similar features able to use features faster than those who were 
unfamiliar (Blackler, 2008). Age is another factor in intuitive interaction, with older 
adults less likely to use features intuitively (Blackler, Popovic, Mahar, Reddy, & 
Lawry, 2012). Location and appearance of features were both found to be important 
elements in intuitive product use (Blackler, 2008). Appearance was found to be more 
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important: people found something familiar even if it was in an unexpected place, 
but had trouble recognising something unfamiliar even if it was in a familiar place. It 
should be noted that these results were obtained from people interacting with small, 
handheld devices or screens, where all the features were located in a small area, 
directly in front of the user. Airport terminals, on the other hand, are large spaces that 
passengers must navigate, and the importance of location and appearance of features 
might vary from the case of handheld devices. Despite the differences between small 
devices and spaces, the principles of intuitive interaction with respect to location and 
appearance are transferable to space, and are likely to play a significant role in how 
people intuitively navigate an airport terminal. 
The role of redundancy, where the same feature is presented in different ways, 
ensures that a wide range of users can access the feature in question (Blackler, 2008). 
There are a number of ways to achieve redundancy, including using both symbols 
and words, or both visual and auditory cues (Blackler, 2008). The concept of 
redundancy could be useful in airports when considering elements such as signage, 
or when implementing navigation cues; for example, by providing both gate numbers 
and signage with airline information to assist the navigator to locate the boarding 
gate. The importance of placing redundant signage after decision points to reassure 
passengers is noted by Fewings (2001).  
The use of redundancy could have its problems, however. The intuitive use of 
interactive interfaces has been explored using interfaces with text only, symbols 
only, or a redundant interface with text and symbols (Gudur, Blackler, Popovic, & 
Mahar, 2011). While younger and middle aged participants completed tasks faster 
with redundant interfaces, older participants completed tasks using a word only-
based interface faster than the redundant interface. This result highlights that while 
redundancy might be useful in certain situations or for certain users, it might impact 
intuitive navigation in other situations, or for some users. 
Baylor (1997) provides a three-component concept of intuition, comprising (i) 
immediacy, (ii) sensing relationships, and (iii) reason. The first component explains 
the immediate nature of intuition, the almost instantaneous decision making 
associated with it. The second component, sensing relationships, explains how 
relationships are seen between objects, concepts and ideas. The third component, 
reason, is interesting for a number of reasons. Baylor (1997) describes how 
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metaphors are created and analogies developed, and both of these are components of 
intuition. A person’s ability to intuitively navigate might, in part, be determined by 
their ability to create useful metaphors or analogies from previous navigation 
journeys, to apply to the current journey. If this is the case, then airports need to 
consider how the concept could be applied to terminals.   
It is in the first, early and intermittent uses of interfaces that intuitive use is 
most beneficial (Blackler & Hurtienne, 2007). Intuitive use can also be highly 
beneficial in situations where stress is a factor, for example, during emergencies 
(Blackler & Hurtienne, 2007).  
5.1.1 Intuitive Interaction and Familiarity 
One of the key factors in intuitive interaction is familiarity. Langdon et al. 
(2007) note that “in general, with adequate feedback, the more times a user has 
completed a task, the faster this process becomes as the user progresses from novice 
to expert.” Exposure and competence play a role in familiarity as “exposure 
influences usability via the build-up of skills and knowledge forming the competence 
of a user to interact successfully” (Hurtienne, Horn, & Langdon, 2010, p. 124). 
Exposure can be broken down into 3 components: (i) Duration of use, (ii) Intensity of 
use, and (iii) Diversity of use (Hurtienne et al., 2010).  
The three components of exposure, as described by Hurtienne et al. (2010),  are 
useful for categorising people’s experiences at airport terminals. With respect to 
Duration of use, the amount of time many people spend at the airport is limited. For 
many, it will only be a few hours before a flight in the departure area, a few hours at 
a stopover airport  and, hopefully, less than an hour in arrivals at the final destination 
airport. As people move through an airport completing processing tasks, they might 
only spend a short amount of time at each area, perhaps only a few minutes, or even 
less. In the learning process, it takes 8 seconds for acquisition of the knowledge or 
skill, and another 22 seconds to overlearn for permanent retention (Simon, 1996). 
This is important to consider because, while a passenger might be familiar with the 
navigation of an area, it might not be long enough for retention in long term memory. 
The second component of exposure, Intensity of use,  describes how frequently 
a product is used (Hurtienne et al., 2010). Intensity of use varies among passengers: 
some might fly once every few years, while some fly once every few weeks.  
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The third component of exposure that Hurtienne et al. (2010, p. 124) discuss is 
Diversity of use, which describes “the number of different functions used or tasks 
solved with the product.”  While all passengers undertake similar tasks with regard to 
processing activities at the airport, there can be significant variation in the 
discretionary activities undertaken, as well as variation in different airports they 
encounter.  
Intuition is often not a precise function, and this can affect a person’s ability to 
learn from experience (Hogarth, 2007). Considering the airport context, it could be 
argued that many airports are not currently conducive to intuitive use, as the location 
of activities, and the way in which a number of these activities (processing and/or 
discretionary) are organised, varies among them. Simply increasing consistency 
among airports could aid passengers’ intuitive navigation. 
The environment can play a role in the intuitive process in a number of ways 
(Bastick, 2003). Specific situations can contribute to intuitive thinking, for example, 
being in a familiar environment. Alternatively, intuitive thinking can be inhibited 
through unfamiliar environments or increased stress (Bastick, 2003). Hogarth (2007) 
discusses how the environment constantly shapes people, and how increasing a 
person’s exposure to a particular environment is one way to increase their level of 
intuitive interaction.  
5.2 CONSIDERING NAVIGATION 
To examine how people navigate, one measure that could be used is the time 
people take to navigate to specific points in the environment. In the airport context, 
for example, the time taken to navigate to check-in and how this is affected by 
familiarity with airports and other similar environments. However, while in many 
navigation tasks there is an overall time constraint (e.g. passengers have to be at the 
boarding gate by a certain time), departing passengers often arrive in plenty of time 
before a flight (e.g. 2 hours before the flight). Additionally, within complex 
environments such as airports, different people will have to navigate to different 
destinations, for example to different boarding gates. To examine how people 
navigate, it would be beneficial to research as closely as possible how real life 
passengers navigate. So rather than examine how fast it was for the navigator to 
navigate from A to B, it was necessary to examine the interactions that occur during 
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the navigation process. Intuition and intuitive interaction become useful tools for 
examining navigation. Intuitive navigation would therefore consist of sequences of 
time where the navigator interacts with the environment intuitively (fast, semi/non-
conscious and generally correct)(Section 5.1). To enable intuitive navigation, the 
user would be familiar with the navigation task and environment, or other similar 
navigation tasks and environments. 
While intuitive interaction has previously been used to study interactions with 
products such as handheld electronic devices, the principles of intuitive interaction 
are applicable to navigation, and are elaborated on in Section 5.4. 
5.3 FAMILIARITY AND NAVIGATION 
Familiarity with an environment is important for navigation, and by increasing 
familiarity to a sufficient level, initial difficulties in orientation might be overcome 
(Dogu & Erkip, 2000). One possible way to improve how people navigate airports is 
to increase their frequency or intensity of use of airports. The more frequent the use, 
the greater the likelihood they will transition from inexperienced to experienced 
passengers. 
While this idea of increasing the frequency with which people use the airport 
sounds simple, it also has its challenges. Many passengers do not fly every week, and 
while some passengers will fly to the same destination regularly, there are many who 
fly to new destinations; for example, when flying on holiday. A passenger might go 
from not having used an airport for months, a year, or even years, to having to 
navigate multiple airports with potentially different layouts and processes, within a 
short time frame. In a basic flying scenario, passengers would experience two airport 
environments: their departure airport and their destination airport.  
Some airports, such as Tan Son Nhat International Airport in Ho Chi Minh 
City (Vietnam), only allow passengers to enter the building, further removing the 
opportunity for people to become familiar with the environment. People often fly to 
destinations, and therefore airports, that they have never flown to before. Different 
airports can have alternative layouts and processing activities that can affect intuitive 
use.  
If the airports have the same or similar layouts, this could assist in enabling 
intuitive navigation. Additionally, certain layouts might assist intuitive navigation to 
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a greater degree than others. By providing consistency among airports, and easy-to-
use layouts, first, early and intermittent users will potentially be able to navigate 
them more intuitively. 
Peponis et al. (1990, p. 576) analysed search performances which “…suggested 
that people acquire an intuitive grasp of integration presumably through interaction 
with the building”, but note that this does not necessarily convert to efficient 
knowledge of particular routes. In certain situations, implicit learning (as opposed to 
conscious learning) allows a lot of information to be absorbed; however, the subject 
might have difficulty explaining much of what has been learnt (Pinelo da Silva, 
2010). Thus, implicit learning needs to be considered when attempting to understand 
how people navigate an airport terminal. Spaces within the airport could be designed 
to allow people time to implicitly learn what they are required to do. 
Passengers can also encounter stress and anxiety with regard to making their 
flight on time. However, stress, anxiety and oppressive environments are not 
conducive to intuitive thinking (Bastick, 2003). Even if they are familiar with 
airports, stressed or anxious passengers might not navigate intuitively. This creates a 
challenge for airport terminals to provide environments that minimise passengers 
stress and anxiety.  
Frequency of airport terminal use is one of the elements that could play an 
important role in navigational ability. Most passengers do not fly every day, and even 
frequent flyers are not likely to fly internationally every week. Even though there are 
classifications of passengers, such as holiday travellers and business travellers, there 
is little in the literature that specifically defines how frequently each group travels. A 
poll of Americans by Gallup in 2008 found that 56% of respondents had not flown 
on a commercial airliner in the past year. Of those who did, 25% flew either once or 
twice, 10% flew 3 or 4 times, and 8 % flew 5 times or more (Gallup, 2008). These 
results indicate that many people do not fly all that frequently. Interestingly, the 
number of times a UK resident travels is projected to increase from one return trip 
per year (as of 2003) to two return trips per year by 2030 (Department of Transport, 
2003). This indicates that while air travel is likely to become more commonplace in 
the future, for many, it will still not be all that frequent. 
Research at Dallas/Fort Worth airport found that the more frequently 
passengers used the terminal, the more confident they were to give directions to a 
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larger number of places to a stranger (Seidel, 1982). While this indicates the 
importance of familiarity to the navigation process, there is still a scarcity of 
literature that provides detailed information on how frequency of experience 
correlates to navigational ability. Siedel (1982) notes that passengers do not always 
recount their experiences accurately, and that it should be assumed that navigation 
behaviour is not always conscious behaviour. 
5.3.1 Familiarity within Buildings 
Currently there is limited knowledge of the effect of familiarity on navigation 
in the airport terminal context. However, research has examined the effect of 
familiarity on navigation performance in buildings and outdoors.  
Wiener, Büchner and Hölscher (2009, p. 152) argue that the “current 
classifications of wayfinding distinguish tasks on a rather coarse level or do not take 
into account the navigator’s knowledge.” The navigator’s knowledge of the 
environment, and the processes involved, can play a key role in the navigational task, 
and potentially be the difference between its successful completion or failure, or the 
difference between its being stressful or stress-free. Familiarity was found to aid 
wayfinding when participants were required to navigate to set tasks within a building 
(Li & Klippel, 2014). It can also be a predictor of wayfinding ability, with 
(Prestopnik & Roskos-Ewoldsen, 2000) finding that people who rated themselves as 
being more familiar with the environment were more accurate than those who were 
less familiar. 
The concept of domain transfer distance is a relevant one. Diefenbach and 
Ullrich (2015, p. 218) describe this as “the distance between the application domain 
and the origin of prior knowledge” to enable intuitive interaction. Applied to 
navigation in airports, a passenger who is familiar with international airports would 
have a low transfer distance when using another international airport. In contrast, 
familiarity with a bus terminal would result in higher domain transfer distance. Low 
transfer distance can result in people experiencing lower levels of effort, which could 
be desirable in the airport context. However, higher transfer distance can still enable 
intuitive navigation, as people can use prior navigation experience to develop some 
sets of rules for use in buildings of which they have no prior knowledge (Peponis et 
al., 1990). An understanding of this is useful as airport passengers might never have 
flown before, might never have used the airport in question before, might not have 
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used the airport in a long time, or the airport might have changed since they last used 
it.  
The frequency of, and time between navigation journeys is another important 
aspect when considering intuitive navigation. Gårling, Linberg and Mäntylä (1983), 
when examining subjects’ navigation of  a building, found that several tours through 
a building—in this case, four—had a substantial and similar effect to that of frequent 
visits over a period of time (Gärling et al., 1983). They also found that familiarity 
still aided navigation after a one month interval. 
People are not guaranteed to remember where to go in a specific environment 
after only one or a few visits. This was demonstrated in research conducted by 
Beaumont et al. (1984) who found that of 19 visitors that had previously visited a 
building one or more times, 11 made errors that resulted in them backtracking or 
asking for directions. For one-quarter of all participants, orientation and wayfinding 
was found to be a problem, with issues diminishing on subsequent visits (Beaumont 
et al., 1984).  
Xia et al. (2008) explored navigation in a park, specifically, with regard to the 
relationship between decision making and landmark utility. Tourists, tour guides and 
rangers were questioned and tracked via GPS in a national park on Philip Island 
(Australia). They categorise those who were only partially familiar with the 
environment  into two sub-types (Xia et al., 2008). The first type comprises those 
who had previously experienced the same wayfinding process, but had only done so 
infrequently. The second comprises those who had no previous experience with the 
environment in question, but had undertaken path planning prior to travelling to the 
new destination. This highlights how people can use various strategies to navigate, 
either as the result of their own experiences, or by learning from maps, books or 
others’ experiences (Xia et al., 2008). Xia et al. (2008) also found that participants 
who had previously visited the park had already constructed a well-developed 
cognitive map. Interestingly, the majority of these were male.  
There are different ways in which a navigator can learn a path through an 
environment, including using the path in real life to travel through the environment 
(Route-based knowledge), and learning the path second hand (Survey knowledge), 
through maps, pictures or verbal descriptions (Golledge, 1999). From this, it is 
possible to see how people can learn the paths to take in airport terminals, either by 
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travelling through airports, or by receiving second-hand information. While airports 
can provide information through maps, pictures, written words or verbal descriptions, 
it is likely that many passengers currently do not look at this information before 
using the terminal. Therefore, it is likely that most people will primarily learn the 
way through terminals by using them.  
Familiarity is achieved through experience with the same environment, or 
through experience with similar environments. While people learn through conscious 
learning mechanisms, such as rote learning, this process can be slow and time 
consuming. However, humans have another learning mechanism, implicit learning, 
which can be broadly defined as learning without awareness, a process that is 
ubiquitous in every-day life (Frensch & Rünger, 2003; Hogarth, 2007). People can 
implicitly classify and categorise information in this way (Hogarth, 2007). Pinelo da 
Silva (2010) discusses implicit learning, noting how it is useful for humans in 
dealing with complex environments, such as cities, or when travelling in new 
environments. To complete tasks, or to navigate between areas, can involve learning 
about a number of processing activities, for example, learning how to get from the 
entrance of the airport to the check-in counter. While the navigator might not be 
consciously trying to learn the sequence and details of the activities involved, next 
time they undertake the same activities, navigation might be more automated. 
Humans undertake a number of activities either semi-consciously or without 
conscious thought. One of the more documented examples is the tendency for people 
to favour turning right when presented with the choice of turning left or right. 
Research by Scharine and McBeath (2002) found that, in America, participants have 
a bias to turn right upon entering a building. This preference could be linked to their 
learned driving patterns and genetic handedness (Scharine & McBeath, 2002). This 
research indicates one of the challenges of designing an intuitive airport experience: 
different cultures can have different behavioural navigation biases. While Americans 
drive on the right hand lane and usually turn-off to the right, some other nationalities 
drive on the left hand side of the road and usually turn off to the left. Scharine and 
McBeath’s research (2002) highlights the importance of previous experience and 
learned behaviour, and how it can affect every-day navigation.  
Familiarity can play an important role when navigating a range of 
environments, including airport terminals. The next section examines design for 
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intuitive interaction, and how it could be applied to the creation of a more intuitive 
navigation experience. 
5.3.2 Providing intuitive navigation in airports 
To enable intuitive navigation, there is a need to provide elements (e.g 
information on a flight information board), tasks (e.g. to complete check-in these are 
the tasks to complete), and layouts (e.g in this airport there is check-in followed by 
security, then customs and then the boarding gate area) that are familiar to 
passengers. Additionally, passengers can benefit from knowledge of their flight 
information, including destination of the flight, the airline they are flying with and 
departure time. Considering passengers with high familiarity of the airport in 
question, other airports or similar transportation environments, they are likely to be 
able to use their familiarity with tasks, layouts and elements to navigate intuitively. 
However, if the airport changes the tasks to complete, layout of the tasks or elements 
associated with each task, familiarity may be reduced. Therefore, if changes are 
made, airports need to consider how the new elements, tasks and layouts could assist 
intuitive navigation for high familiarity passengers, as well as low familiarity 
passengers. 
For passengers with no/little familiarity of the airport in question, other airports 
or transportation environments, there is a question of how to assist intuitive 
navigation. There are three broad periods of time to consider to assist passengers (i) 
before arriving at the airport, (ii) navigating through the airport, and (iii) after 
navigating through the airport. Each of these broad time periods will now be 
discussed. 
Before arriving at the airport  
While this is not the focus of this particular study, it is nevertheless important 
to consider. For many departing passengers, there can be a substantial period of time 
between booking a departing flight and the day of the flight. For airports, airlines and 
government (e.g. customs), this time provides an opportunity to increase a 
passenger’s knowledge of the tasks to complete in the airport, the elements used with 
each task, the layout of tasks and passenger-specific flight information. Possible 
ways to achieve this include the use of maps of processes and spaces, walk through 
videos, virtual reality experiences, or having passengers navigate through the airport 
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prior to the day of the task. Additionally, passengers may complete departure 
information online, and the layout of this information may mirror the layout of tasks 
to complete in the airport. 
Other ways to increase passengers familiarity include taking groups of people 
through the airport on tours, or enabling family and friends of departing passengers 
to navigate through as much of the terminal as possible. Targeting those who will 
soon take a departing flight with advertising/information about the airport terminal 
(information about elements, tasks and airport layout) could also build useful 
familiarity for passengers. 
Navigating in the airport 
While navigating through the airport, airports could provide tasks, layouts and 
elements that are familiar to passengers, which can then enable intuitive navigation. 
For an international airport, this could include providing tasks, layouts and elements 
that are similar to (i) other international airports that passengers commonly use, (ii) 
domestic airports that passengers commonly use, and (iii) other transportation such 
as ports, rail or bus terminals. While tasks, layouts and elements define the airport 
experience, these will be examined in detail in Chapters 8 and 9.  
After navigating through the airport 
Reinforce the passenger’s knowledge of the tasks to complete. For example, a 
survey could follow the sequence of airport tasks that were completed, providing the 
passenger an opportunity to recall the airport experience. 
With three broad time periods that could be used to address intuitive navigation 
for departing passengers (before arriving at the airport, navigating in the airport and 
after navigating through the airport), Section 5.4 will examine principles for 
designing intuitive interaction, and how this could apply to intuitive navigation. 
5.4 PRINCIPLES FOR DESIGNING FOR INTUITIVE INTERACTION 
Blackler (2008) defines three principles of design for intuitive interaction. (The 
third principle is divided into two sub-principles, to simplify this discussion.) The 
principles are as follows: 
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1. Make the function, location and appearance familiar for features that are 
already known. Use familiar symbols and/or words, put them in a familiar 
position, and make the function comparable with functions users have seen 
before. 
2. Make it obvious how to use less well-known features by using familiar 
things to demonstrate their function, appearance and location. 
3.a. Increase the consistency within the interface so that function, appearance 
and location of features are consistent between different parts of the 
design.  
3.b. Use redundancy in order to maximise the number of users who can 
intuitively use the interface, and the ways in which they can choose to 
complete their task.  
These three principles can be applied to passenger navigation within airport 
terminals.  
Principle 1: Use familiar interactions and place them in familiar positions 
Many airports have potentially familiar interactions, including interactions at 
check-in and the boarding gate. The relationship between the location of these 
interactions could be familiar; that is, check-in near the entrance to the terminal, and 
the boarding gate near the runway. Additionally, familiar interactions could include 
baggage drop-off and the need to pass through an aerobridge to board a plane. 
However, there is no research on how similar or familiar such interactions are across 
multiple international airports. 
There can be significant differences among airports. For example, the location 
of basic functions, such as security, tends to change. At Brisbane International 
(Queensland, Australia), for example, passengers must change levels to go through 
security, while at other airports, security is on the same level as check-in. The 
appearance of airports also changes, with airports often having different colour 
schemes, lighting levels and signage design. The primary language used and the 
available discretionary activities can also vary. 
Providing familiar interactions is important to enable intuitive interaction. In 
the airport context again, there can be variations in the interactions required. For 
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example, passengers at some airports are not required to take off their shoes in 
security, while in others they are required to do so. Various parts of the airport are 
also under different management: airlines control the check-in and the boarding 
experiences, while security might be controlled by a sub-contractor, and customs 
operates under the control of the government. At each of these steps, passengers 
interact with different organisations, with potentially different customer service 
objectives.  
Furthermore, a passenger who has used the airport many times before might 
have a significantly different experience at check-in if they use an airline that they 
have not yet flown with. It could also be argued that consistency is decreasing as 
airlines add more check-in options. Some airlines, for example, allow passengers to 
check-in online and print out their boarding pass at home, while others require them 
to check-in at the terminal. 
Principle 2: Make less well known functions obvious by using familiar things to 
demonstrate their function. 
There are a number of less well-known features that passengers need to use in 
the airport terminal. An example is the security process. When a passenger passes 
through security, they are required to conform to a number of rules, and these are 
often not clearly indicated. This can present a problem, as many passengers do not 
interact with such security measures in their every-day lives. Familiar items could be 
used to demonstrate the security function/process, including demonstrations or 
examples of items to unpack (for example, a demonstration/film/photo of a laptop 
taken out of bag and placed in a tray).  
Principle 3a: Increase the consistency within the interface so that function, 
appearance and location of features are consistent between different parts of the 
design. 
Passengers are required to navigate to and through a series of processing 
destinations, for example, check-in, security, customs and the boarding gate. Within 
an airport, there can be a lack of consistency between these different navigation 
tasks. For example, navigating to check-in can have different requirements than 
navigating to and through security. Also, the appearance and relative location of 
elements such as signage can differ between destinations. For example, there could 
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be a large, clear sign located directly above check-in, while there is a small, difficult- 
to-read sign located to the right of the security entry. A lack of consistency between 
the different navigation tasks can result in passengers’ encountering difficulty during 
navigation. 
Principle 3b: Ensure redundancy 
This principle of ensuring redundancy is highly relevant in the airport context 
due to the latter’s wide range of users, with varying levels of experience. For 
example, airports need to ensure that a passenger who misses a sign is able to acquire 
the required information in another area. Airports should also provide information in 
a variety of ways as some users might have vision problems, others might have 
hearing problems, or there might be a language barrier for others. Some users will 
have smartphones to assist navigation, while others will not. Providing redundancy 
will help to address the range of different users, and the ways in which they prefer to 
access and interact with information. 
By addressing the principles of intuitive interaction (Blackler, 2008), it might 
be possible to make airports more intuitive to navigate. To do this, it is necessary to 
understand what passengers with various levels of airport experience look at and/or 
look for when navigating the airport. Currently, there is a lack of knowledge of 
passengers’ familiarity of airports, and of what they look at/look for within that 
context. Addressing this gap in the knowledge will potentially benefit not only 
passengers, but airports and airlines also (Section 1.3). 
5.5 RESEARCH GAP AND RESEARCH QUESTIONS 
Airports are complex, and passengers not only navigate a range of required 
processing activities, they also navigate to spaces to undertake discretionary 
activities. It is in the interest of passengers, airlines and airports to ensure that they 
are able to navigate with ease throughout these various activities. To efficiently 
handle increasing passenger numbers, airports need to provide efficient and effective 
navigation for passengers.  
The theory of intuitive interaction can be applied to this pursuit of efficient and 
effective navigation. It has been established that intuitive use of technology products 
is enabled by familiarity with similar products/interfaces (Blackler, 2008; Hurtienne 
& Blessing, 2007; O'Brien et al., 2008). Intuitive interaction in the technology arena 
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is shown to be beneficial as users are less likely to make mistakes, take less time to 
make decisions, and make decisions semi/non-consciously. Applying the concept of 
intuitive interaction to the airport context, it is possible to see how intuitive 
navigation can also be beneficial, particularly as both airports and airlines benefit 
from passengers navigating easily and efficiently through the terminal. Specific 
potential benefits include: 
- Fewer passengers missing fights 
- Passengers experiencing less stress (This, in turn, could increase their retail 
spending in the airport) 
- Less money spent on ineffective wayfinding solutions 
- Fewer costly delays 
While enabling passengers to intuitively navigate the terminal has been 
identified as beneficial, there is still no research on whether passengers do intuitively 
navigate, whether it is in fact beneficial, or what elements are used. Identification of 
this gap in knowledge led to the following main research question: 
• What elements enable passengers to intuitively navigate an airport 
terminal? 
And the following sub-question: 
• How does passenger familiarity impact on navigation through an airport? 
Significant research gaps and important research questions have been 
identified. To address these gaps and these research questions, the research 
methodology is detailed in Chapter 6. Research results are then presented and 
discussed in Chapters 7, 8, 9 and 10. 
5.6 SUMMARY  
This chapter examined how familiarity plays an important role in the 
navigation process. Most importantly, it enables intuitive interaction, where the 
navigator is able to perform tasks quickly, semi/non-consciously, and accurately. 
Enabling intuitive navigation can be beneficial not only in the airport context, but 
also in a range of other navigation tasks. To provide an intuitive navigation 
experience, it is first necessary to understand both people’s familiarity with a 
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particular context, and the information they require for an effective navigation 
experience.  
While there is a body of knowledge surrounding intuitive product interaction, 
there is little research on intuitive navigation, or intuitive navigation of airport 
terminals, in particular. Suitable methodologies to explore this research gap are now 
discussed in Chapter 6. 
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Chapter 6: Data collection and methodology 
The previous chapters have identified that intuitive navigation within airports 
can be beneficial for passengers, airports and airlines. However, there is currently a 
lack of research on how to provide such navigation. To address this issue, the 
following research questions were identified: 
• What elements enable passengers to intuitively navigate an airport 
terminal? 
• How does passengers’ familiarity impact on navigation through an 
airport? 
Data was collected at two international airports, Brisbane (Australia) and 
Melbourne (Australia). Participants were observed as they navigated the terminal to 
board a departing flight. This chapter outlines the research methods used for the 
related data collection, and for the coding and reporting of the results. 
6.1 RESEARCH METHODS 
Different methods can be used to investigate how passengers navigate airport 
terminals, including laboratory experiments, surveys, interviews and real world 
observation. However, studies of human attention and behaviour in laboratory 
settings might not reflect real world contexts (Kingstone et al., 2003), as they can fail 
to capture their complexity. Therefore, this study explores passenger navigation in 
the real world airport context. Its results are highly relevant for both the specific 
airports that were studied as “living laboratories”, as well as for other airports.  
Data was collected using a mixed-methods approach, which included 
observation, talk-aloud protocol, interviews and questionnaires. More specifically, 
data collection methods included observation of passengers as they navigated the 
terminal, and the use of questionnaires and interviews when their navigation was 
complete. 
A mixed-methods approach was used to enable exploration of how people 
navigate through airports. When capturing rich and complex data a mixed-methods 
approach is necessary (Blackler, 2008). The mixed-methods approach combines the 
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use of both quantitative and qualitative research, to provide informative, complete, 
balanced and useful results (Johnson, Onwuegbuzie, & Turner, 2007). Additionally, 
this approach enables information to be presented in both narrative and numerical 
forms (Teddlie & Tashakkori, 2009). Using a mixed-methods approach can reduce 
problems associated with using only a quantitative or qualitative methodology 
(Sechrest & Sidani, 1995).  
Using mobile eye-tracking glasses was a novel approach in the airport setting 
and provided valuable insight into how passengers navigate. It was possible to 
identify what specific elements passengers fixated on, rather than relying on what 
they could recall using. To assist in determining what elements passengers use, 
additional information in the form of talk-aloud protocol was required to identify 
what the passenger was trying to do or elements they were looking for. Intuitive 
interaction was useful for examining the real world context as it did not require 
participants to complete tasks as fast as possible (Section 5.2).  
6.1.1 Observation 
Observation in a real world setting enables interaction to be studied in depth. In 
conjunction with concurrent protocol, it has been the primary method used in 
previous studies of intuitive interaction (Blackler et al., 2011; Lawry, 2012). Video 
camera observation of participants’ intuitive interaction with products and interfaces 
has been used successfully for many years (Blackler et al., 2011), as video recording 
allows for a more detailed analysis than live observation.  
Recently, eye-tracking technology has also been used to gain new insight into 
how people interact with objects and environments, and has been successfully used 
to investigate what people look at while navigating (Müller-Feldmeth et al., 2014; 
Ohm, Müller, Ludwig, & Bienk, 2014; Pinelo da Silva, 2010; Schwarzkopf et al., 
2013; Viaene, Ooms, Vansteenkiste, Lenoir, & De Maeyer, 2014). Video-based eye 
trackers have advantages over other devices, including the fact that they are 
relatively non-invasive and fairly accurate (Duchowski, 2007). 
6.1.2 Using Eye Tracking Technology 
As navigating an environment can be a dynamic process between the navigator 
and the environment, it is ideal to try to obtain information about the interactions that 
occur. Using the Tobii Glasses Eye-tracking System, which has the ability to both 
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video and audio record, it is possible for the researcher to gain insight into the 
elements and factors that impact on navigation. The system consists of a pair of 
glasses (Figure 6.1) and a recording device (which are both shown in Appendix A).  
 
Figure 6.1: Tobii Glasses Eye-tracking System (left) and footage showing eye 
tracking overlay (right) 
 
The Tobii Glasses Eye-Tracking System has a built-in camera that faces the 
environment. The eye-tracking glasses provided both video footage of the navigation 
process from the participant’s viewpoint, and of the participant’s eye focus in the 
scene (Figure 6.1). The system also tracked the participant’s pupil movement and, 
combined with its recording of the environment, was able to provide both a video of 
the setting, and the object/location of the participant’s gaze in that setting. Figure 6.1 
shows a participant examining a Flight Information Board, with the green dots 
indicating where the participant is fixated. 
Like any technology, eye tracking is not perfect, and there are complexities 
associated with using it in research. Feng (2011) discusses how the relationship 
between the eye and the mind is complicated, citing that one cannot assume that 
attention is actually on the spot reported by an eye-tracking device. Feng notes four 
issues with eye tracking: (i) the difficulty of accurately measuring eye movements, 
(ii) acquisition of information from around the line of gaze, (iii) imperfect ocular 
control, and (iv) saccadic delay. These issues are now discussed in further detail. 
The first issue is being able to accurately measure eye movements. Part of the 
difficulty is that the eye tracker can lose sight of the salient features needed to record 
eye movements, for example, during a blink (Duchowski, 2007). The second issue 
Feng (2011) notes is that useful information is acquired from around the line of gaze 
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and that the information varies with task, participants, and processing load. It is 
assumed in eye-tracking research that attention is linked to foveal gaze; however this 
might not always be the case (Duchowski, 2007). Henderson (2003, p. 498) notes, 
“high quality visual information is acquired only from a limited spatial region 
surrounding the centre of gaze (the fovea). Visual quality falls off rapidly and 
continuously from the centre of gaze into a low-resolution visual surround.” The 
fovea is the area of the retina which provides the majority of the image. To overcome 
limitations of the specific area of vision the fovea takes in, gaze shifts to provide a 
more complete picture. However, the periphery is much more sensitive to stimulus 
than the fovea, and Duchowski (2007) cites the example of astronomers who detect 
faint constellation of stars by looking out the corner of their eye, or “off the fovea”.  
A third issue that Feng (2011) discusses is the fact that humans have imperfect 
occulomotor control. This means that the eye does not always end up where it is 
intended, and frequently undershoots or overshoots a target. The fourth issue that 
Feng (2011) discusses is saccadic delay, which is the small but significant delay 
(around 150 milliseconds) between reacting to a stimulus and the eye moving.  
Other limitations of eye-tracking technology include the sampling frequency of 
the tracker (Duchowski, 2007). For example, a video-based tracker with a video 
frame rate of 60 Hz provides eye movement samples at least every 16 ms 
(Duchowski, 2007). Pinelo da Silva (2010) also notes limitations of eye-tracking 
technology, including the sometimes low quality of individual frames from the video 
recording, the quantity of material, and the time it takes for video to be processed and 
calibrated. One issue for this current study was that only those who did not wear 
glasses or contact lenses could wear the Glasses Eye-Tracking System; thus, those 
who did, could not take part. 
6.1.3 Verbal Protocol 
Verbal protocol has been successfully used to investigate intuitive interaction 
for many years (Blackler et al., 2011). There are two types of verbal protocol that can 
be used to gain insight into the actions of a participant. During the task, concurrent 
protocol (also known as think-aloud protocol), in which a participant verbalises their 
thought processes during the task, can be used. It has been successfully used to 
examine intuitive interaction by several researchers, including Blackler (2008); 
Lawry (2012); and Reddy, Blackler, Mahar, and Popovic (2010). After the task, 
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retrospective protocol, where the participant talks about what occurred or the thought 
processes behind their actions, can be used.  
Blackler et al. (2011) reviewed previous studies of intuitive interaction and 
found that most used some form of verbal protocol, with the most commonly used 
being concurrent protocol. One of the benefits of using concurrent protocol is that 
participants are less likely to omit something they have forgotten after the task 
(Blackler, 2008). It is also useful for capturing maximum detail from a participant, as 
their ability to recollect diminishes over time (Kuusela & Paul, 2000). Using 
concurrent protocol in the airport setting is beneficial, given the large amount of time 
between the beginning and the end of the observation. To understand what 
participants were thinking about, or searching for, they were asked to perform talk-
aloud protocol. Verbalising thoughts should not impede a participant if the process of 
verbalising does not alter the sequence of thoughts; it might, however, increase the 
time required to complete the task (Ericsson, 2006).  
6.1.4 Interviews 
Retrospective semi-structured interviews were used to gain insight into the 
navigation process. Retrospective interviews are useful to obtain information about a 
participant’s understanding of an experience. They were chosen for this research, 
because, as Sommer and Sommer (1997) note, they can be more suitable for 
extracting in-depth information, as the interviewer is less restricted by prescribed 
questions and by the order in which they are asked. This is an important point as the 
airport is a dynamic setting, and participants can have varied navigation experiences. 
Interviews were performed immediately after the navigation task, as recommended 
by Pedgley (2007) and Kuusela and Paul (2000). Pedgley (2007) notes that 
participant recollection can be inaccurate, particularly as the length of time increases 
between finishing the task and the interview.  
6.1.5 Determining Airport Environment Familiarity 
A questionnaire with simple rating scales was used to identify participants’ 
familiarity of the airport in question, other airports, and similar environments. Based 
on the Technology Familiarity Questionnaire developed by Blackler (2008), a 
questionnaire was developed to determine an Airport Environment Familiarity (AEF) 
score for each participant (Appendix B). To avoid participants remaining neutral, the 
  
 96 
scales used had no middle point. This required participants to make a judgement as to 
whether their result should go in the top or bottom half. As discussed by Sinclair 
(1990), this reduced the leniency effect, where participants avoid making critical 
judgements. 
Eleven questions were used to determine each Brisbane participant’s AEF 
score. Each question was scored on a scale of 0 to 6 (Appendix C): a score of 0 was 
given if the participant had never used the environment before, and a score of 6 was 
given if they had used the environment recently or frequently. Questions 1, 2 and 8 
were given double weighting (that is, a maximum score of 12 for each question). 
This was due to the high relevance of navigation within the airport environment, and 
was based on the relevance of the concept of domain transfer distance (Diefenbach & 
Ullrich, 2015). Scores were added to provide an AEF score, and each participant 
received a possible AEF score between a minimum of 0 and a maximum of 84. 
Participants at Melbourne International were employees and volunteers who 
worked in the airport complex. They were asked an additional two questions about 
familiarity with international landside and airside due to their workplace familiarity 
(Appendix B). Any increased familiarity was added into the AEF scores for 
Questions 2 and 8, up to a maximum score of 12 (the same maximum as Brisbane 
International participants). Questions 2 and 8 were directly related to familiarity with 
the airport in question.  
6.2 KEY ELEMENTS AND DESTINATIONS 
To examine intuitive navigation, and the way various elements are used to 
enable it, it is necessary to categorise the processing activities that need to be 
completed, and the elements that could be used in the process. When flying 
internationally, a departing passenger is required to navigate to a series of processing 
points or destinations; for example, to check-in, security, customs and the boarding 
gate (as discussed in Section 2.2).  
Destinations are identified as important to navigation (Braaksma & Cook, 
1980; Caves & Pickard, 2001; Correia & Wirasinghe, 2008; Modak & Patkar, 1984; 
Mollerup, 2005; Popovic et al., 2010; Raubal et al., 1997; Tam & Lam, 2004; Zhang 
et al., 2010). Two types of destination within the airport are identified: (i) Flight-
defined Destinations, and (ii) Combined-passenger Destinations. While navigating, 
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there are key elements that are used to help locate the correct destination. Two 
categories of these key elements are identified (i) Location-defined Elements, and (ii) 
Signage/Non-Signage/Mixed Elements. 
6.2.1 Flight-defined and Combined-passenger Destinations 
There are similarities between the destinations passengers are required to 
navigate to; for example, navigating to the correct check-in desk is similar to 
navigating to the correct boarding gate. These navigation tasks are similar, as 
passengers are required to locate and navigate to one specific point out of a number 
of similar points. For example, passengers are required to locate and to navigate to 
one of a number of check-in desks, and one of a number of boarding gates. This type 
of navigation task—locating a specific destination from a range of other similar 
destinations—can be defined as navigating to a “Flight-defined Destination”. 
In contrast, there are a number of destinations or points which, or to which, 
most or all passengers are required to navigate. These types of navigation tasks can 
be defined as navigating to a “Combined-passenger Destination”. For example, when 
navigating to the security screening area, there might be one entrance or point that all 
passengers must pass through. Regardless of their flight, all passengers will pass 
through the same sequence of activities, such as entering the security screening line, 
navigating to a preparation bench, then passing through the security screening point. 
Flight specific information might be of little use during this navigation process.  
In summary, two types of navigation tasks have been defined: (i) Flight-
defined Destinations, and (ii) Combined-passenger Destinations. It is possible that 
passenger will use elements in the environment differently when navigating to these 
different destinations. 
6.2.2 Location-defined Elements 
Destinations have specific locations within the airport, and feature a group of 
elements that define them. For example, each boarding gate usually contains a desk, 
a boarding gate number, airline signage, flight information, and a doorway that 
provides accesses to an aerobridge that connects to an airplane. These elements are 
different to those found at security processing, which might consist of a rope line-up, 
a preparation bench, an x-ray machine for scanning hand luggage, and a metal 
detector for screening passengers. Apart from the passenger’s specific destination, 
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there are other key elements that can be used during navigation, such as similar 
destinations (Mollerup, 2005) (for example, other check-in desks); information that 
is not part of a destination (for example, direction signage); and personal items that 
the passenger carries (for example, a smartphone). 
6.2.3 Signage/Not Signage/Mixed Elements 
In Section 6.2.2, Location-defined Elements were identified. These groups of 
elements, at certain locations within the airport, are made up of individual elements, 
including Signage, Non-signage and Mixed Elements. Previously, Signage Elements 
were identified as important to navigation (de Barros et al., 2007; Jung & Gibson, 
2007; Tam & Lam, 2004; Xia et al., 2008); however, there are elements within the 
environment that are Non-signage that could also be important (J. Gibson, 1979; 
Norman, 2013; Raubal & Worboys, 1999). Additionally, there are elements that 
could be considered Mixed Elements, where it is difficult to distinguish Signage and 
Non-signage Elements (Section 9.1).  
Examining elements based on whether they are Signage, Non-signage or 
Mixed is one way of analysing elements; another is based on the location of the 
elements in the airport. Within the airport, there are a number of different 
destinations, with each destination comprised of one or more elements (Section 
6.2.1). Some or all of these elements might be useful to the navigator in identifying 
and locating their destination.  
Outside of the destination, there are other elements that are potentially useful to 
navigation, including similar/alternative destinations (for example, other boarding 
gates) and signage that is not part of a destination. Additionally, navigators might 
carry certain elements that could be useful to navigation, such as paperwork and/or 
personal technology devices. By specifying elements based on their location within 
the airport and their relevance to the navigator, a new method of examining the 
Navigation Interaction is possible. 
6.3 DATA ANALYSIS 
The research plan consisted of a review of the current literature, followed by 
one field study to investigate intuitive navigation within airports, with three types of 
analyses undertaken using the Brisbane data to address the main research question 
and the sub-question. Combined, the three forms of analysis provide data on 
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passenger navigation through the airport, on the navigation elements used, and the 
role familiarity plays. Following the analyses, a Navigation Framework was 
developed and verified.  
• Analysis 1: Focused on examining the relationship between familiarity 
and intuitive navigation by addressing the research question (ii) How does 
passengers’ familiarity impact on navigation through an airport? 
Additionally, it examined if age or gender affect intuitive navigation. 
Analyses 2 and 3 were required to address the research question: What 
elements enable passengers to intuitively navigate an airport terminal? 
• Analysis 2: Examined the use of Location-defined Elements, and the link 
between AEF and intuitive use of elements (Chapter 8) 
• Analysis 3: Examined the use of Signage/Not Signage/Mixed Elements 
and the link between AEF and intuitive use of elements (Chapter 9) 
• Navigation Framework: From the results of the three analyses, the 
Navigation Framework was developed and validated using the Melbourne 
data. 
6.4 DATA COLLECTION 
Observational research was conducted at two Australian international airports, 
Brisbane International and Melbourne International. While both international and 
domestic airports are worthy of study, domestic airports often have fewer processing 
steps for passengers to complete. With additional security and customs measures, 
international airports can be more complex. 
6.4.1 Participants 
A total of 44 participants were observed (wearing eye-tracking glasses) 
navigating the two airports. At Brisbane International Airport, research was 
conducted over a 9 month period between March and November 2012. In total, 30 
participants (15 female, 15 male) navigated Brisbane International departures to a 
boarding gate. At Melbourne International Airport, research was conducted over a 
two-week period between September and October 2012. Due to difficulties in data 
collection and participant recruitment, a total of 14 participants (9 female, 5 male) 
navigated Melbourne International depatures to a boarding gate. 
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6.4.2 Simulated and Real Flight Participants 
Over a three month period, various attempts were made to recruit actual 
passengers (that is, Real Flight [RF] participants) to participate at Brisbane 
International Airport. Attempts included word-of-mouth publicity, emails sent to 
university email lists, broadcasting on Twitter, placing flyers at cafes and hostels, 
and recruitment at the airport as passengers arrived for their flight. Despite these 
various methods and increasing incentives for passengers (including a $20 Coles 
Myer gift card), only three RF participants were recruited. Thus, a decision was 
made to recruit Simulated Flight (SF) participants, who volunteered to go to the 
airport and simulate the navigation process (Section 6.5.1). The tasks and processes 
that SF participants were required to complete were matched as closely as possible to 
the process that the RF participants undertook, with the former being required to 
navigate the same areas and activities as the latter. Unfortunately, due to an inability 
to get airline approval to video record in the check-in line, SF participants were not 
able to line-up at check-in. Due to government regulations SF participants were not 
allowed to be video-recorded in customs processing and had to be steered around this 
area.  
 SF participants were provided with an actual flight to catch and relevant 
information, including an e-ticket (pre check-in) and a boarding pass (at check-in). 
While it would have been ideal to recruit RF participants only, the use of SF 
participants did ensure the results represented the real world experience, and enabled 
enough data to be collected within the study timeframe to produce statistically 
reportable results. 
Brisbane Airport Participants 
The age of the 30 participants ranged from 19 to 67 years, and an equal number 
of each gender was recruited (15 males, 15 females). Participants were recruited 
through social media, print and online media, and word-of-mouth. Of the 30 
participants recruited, 27 were SF participants, and 3 were RF passengers (as 
explained above). They ranged from those who had never flown internationally 
before and had never been through the airport before, to participants who fly 
internationally out of the airport every 1 to 3 months. 
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With the small sample of RF passengers (3 male passengers, all with high 
airport familiarity), it was determined that any comparison between RF and SF 
participants would be of limited value to report. 
Melbourne Airport Participants 
At Melbourne International airport, the 9 female and 5 male participants ranged 
in age from 23 to 58 years, and were Melbourne Airport office staff, volunteers and 
airfield workers. Many of the participants had some familiarity with the airport; for 
example, the volunteers were familiar with the check-in area, while some office staff 
were familiar with the entire international terminal. While this additional familiarity 
was not ideal, it was taken into account in the AEF score (Section 6.1.5). 
6.4.3 Testing and Pilot Study 
Before piloting the data collection on actual passengers, it was first necessary 
to test and refine the experiment, as the Tobii Glasses Eye-tracking System 
(Appendix A) is a relatively new technology. Six participants were used in a pilot 
study  from December 2011 to February 2012. Inside the airport, the system was 
found to perform adequately with all participants. The pilot study also involved 
testing and refining the methodology. For example, identifying where to calibrate the 
glasses, becoming efficient in applying/removing the system, and testing the 
questionnaire. 
6.5 PROCEDURE 
Prior to the experiment, participants undertook a short pre-experiment 
questionnaire (Appendix B). They then navigated the terminal, wearing the eye- 
tracking glasses and performing think aloud protocol.  
  
 102 
 
Figure 6.2: Brisbane International Airport processing activities and procedure 
 
Figure 6.2 shows the processing activities and procedure at Brisbane 
International airport, while Figure 6.3 shows the processing activities and procedure 
at Melbourne International airport. After the experiment, participants undertook a 
short post-experiment questionnaire (Appendix C), which was used to determine the 
AEF score. The AEF questionnaire included questions to identify how often the 
participant flew, how familiar they were with the airport, and if they used anything 
memorable to help them navigate the terminal. 
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Figure 6.3: Melbourne International Airport processing activities and procedure 
 
6.5.1 Data Collection Procedure 
SF participants were met at a prearranged date and time, were told to act as if 
they had baggage to be checked-in, and were reminded to fill out an outgoing 
passenger card. On the day, they were provided with an information sheet about the 
research (Appendix D), informed about the requirements of the experiment, and 
signed a consent form (Appendix D) before participating. Once consent was 
provided, they were given information (Appendix E) about the flight they would be 
required to “board”, and were then fitted with the Tobii Glasses Eye-Tracking 
System. They were asked to navigate the departures area, completing necessary 
processing activities, and undertaking any desired discretionary activities. The 
researcher followed each participant, standing about one metre behind. This close 
proximity enabled the researcher to prompt verbal protocol, and to comply with 
airport security requirements.  
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After navigating to their correct check-in desk, SF participants were given a 
simulated boarding pass (Appendix F) showing the time they were required to be at 
the boarding gate. However, the boarding gate number was not given on this pass; 
this detail was omitted in an effort to identify how participants used the environment 
to navigate. They were not required to stand in line and wait at check-in. With 
reduced processing time, they were given roughly 1 hour before being required at the 
boarding gate. SF participants did not have to pass through the customs-controlled 
area (as only passengers leaving the country enter this point), and were instead taken 
by the researcher through an alternative path to enter the airside of the terminal. They 
were then free to navigate airside of the terminal until the required boarding time. 
The observation was completed when they arrived at the boarding gate, had finished 
navigating the airport, and were waiting to board their plane. After the recording was 
stopped, they completed the AEF questionnaire. 
RF participants were required to complete the same process as SF particpants, 
however there were some slight differences. RF participants used the flight 
information they had previously acquired to taking part, and the boarding pass they 
received at check-in. They were asked to be at security within 50 minutes of the 
recording starting, as the glasses have a recording limit of up to 70 minutes (Tobii, 
2011). The recording was stopped and glasses removed when the participants passed 
through the security screening and customs processes. RF participants passed 
through the customs-controlled area. Upon entering airside, they were met by the 
researcher, the glasses were reapplied, and the particpant could continue navigating.   
6.6 PARTICIPANT GROUPINGS FOR BRISBANE AIRPORT 
To examine the effect of AEF, age and gender for Analysis 1 (Chapter 7), and 
AEF for Analyses 2 and 3 (Chapter 8 and 9), participants were categorised into three 
AEF groups: (i) Low AEF, (ii) Medium AEF, and (iii) High AEF. Those with AEF 
scores between 0 and 15 were categorised as Low AEF; those with scores between 
16 and 30 were categorised as Medium AEF; and those with scores of 31 and above 
were categorised as High AEF (Table 6.1). The theoretical maximum AEF score was 
84. 
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Table 6.1  
Brisbane Airport AEF groupings  
 
AEF Group Minimum and 
Maximum AEF 
within each 
group 
Number of 
Participants 
Mean AEF 
Score 
Standard 
Deviation 
Low AEF: 
0-15 
3-15 8 10.50 4.61 
Medium AEF: 
16-29 
16-29 11 23.45 4.56 
High AEF: 
30+ 
36-65 11 45.45 8.77 
 
Table 6.2.  
Brisbane Airport Age groupings 
 
Age Group Age range within each 
group 
Number of 
Participants 
Mean Age  Standard 
Deviation 
18-30 19-29 9 25.00 3.40 
31-40 31-39 12 34.92 2.60 
41-67 41-67 9 47.33 7.94 
 
To examine the effect of age, three age groups were created: (i)18-30, (ii) 31-
40, and (iii) 41-67. This categorisation was chosen to form three approximately even 
age groups (Table 6.2). The effect of navigation on the elderly was not investigated 
in this research as the oldest participant was only 67, and the mean age of the 41-67 
group was only 47.33 years.  
For Brisbane International, an equal number of males and females (15 in each 
group) were recruited to minimize any potential issues that could be caused by 
differences between genders. 
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6.7 CODING 
Valid eye-tracking data was obtained from all 44 participants. The data from 
the observations from both airports were coded and analysed. All recorded video 
footage from the Tobii Glasses Eye-tracking System was coded with Observer 
(Noldus, 2011). Noldus Observer enables in-depth analysis of an observation, and 
can provide a level of detail that would be impossible during a live observation.  
Three analyses were undertaken to investigate the research questions (Table 
6.3), and coding schemes were developed for the three analyses. As outlined by 
Blackler (2008), three stages are required to obtain results from Noldus Observer: (i) 
developing the coding scheme, (ii) observation, and (iii) analysis. The first stage is 
the set-up stage, where the codes are established. In the observation stage, the 
researcher watched the video footage, and manually codes sequences of the footage. 
The eye-tracking video (showing the area the participant looked at, and where their 
vision fixated on) was used with talk-aloud protocol (providing insight into 
conscious processing) to determine navigation sequences. Once the coding was 
complete, the data was exported for analysis stage in Excel and statistical analysis 
software. 
Table 6.3.  
Overview of Analyses 1, 2 and 3 
 
Analysis Chapter Examining Navigating to Looking at 
1 Chapter 7 Intuitive Navigation 
- AEF 
- Gender 
- Age 
Through 
departures 
(check-in, 
through security 
to boarding gate) 
until waiting to 
board 
Entire 
processing 
navigation 
duration 
2 Chapter 8 Location-defined 
Elements 
- AEF 
Through 
departures to 
arrival at the 
boarding gate 
(first time) 
Duration using 
key elements 
3 Chapter 9 Signage/Non- 
Signage/Mixed 
Elements 
- AEF 
Through 
departures to 
arrival at the 
boarding gate 
(first time) 
Duration using 
key elements 
 
Analysis 1 examined the overall time the participants spent navigating the 
airport. The coding scheme was developed based on existing wayfinding literature, 
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and the visual search literature (Arthur & Passini, 1992; Beaumont et al., 1984; 
Duchowski, 2007; Hayhoe et al., 2007; Wiener et al., 2009). It has three broad 
categories of Navigation States: (i) Going/doing, (ii) Assessing/acquiring 
information, and (iii) Search (Cave, Blackler, Popovic, & Kraal, 2013).  Each 
Going/doing and Assessing/acquiring information action was categorised as 
“intuitive”, “partially intuitive” or “not intuitive”. Intuitiveness of Search was 
difficult to categorise in the airport setting, and was instead categorised as 
“Focussed” or “Unfocussed”. (See Section 7.1 for more detail of the coding of the 
Navigation States.) 
Analysis 2 examined the Location-defined Elements used by participants when 
navigating the terminal. Four main types of elements were coded: (i) Navigator-
specific Point Elements, (ii) Similar Point Elements, (iii) Information (Outside-of-
Point), and (iv) Personal Item Elements. (See Section 8.1.1 for more details of the 
coding of Location-defined Elements.) 
Analysis 3 examined the use of Signage/Non-signage and Mixed Elements 
when navigating the terminal. This coding scheme has three main types of elements 
(i) Signage, (ii) Non-signage, and (iii) and Mixed (Signage and Non-Signage). (See 
Section 9.1 for more detail on the coding of Signage/Non-signage and Mixed 
Elements.) 
6.8 CODING INTUITIVE NAVIGATION 
Analyses 1, 2, and 3 were coded for intuitive navigation. Previous research 
found that intuitive processing does not involve conscious reasoning or analysis 
(Agor, 1986; Blackler, 2008; Fischbein, 1987; Hammond, 1993; Noddings & Shore, 
1984). Table 6.4 provides examples of how intuitive, partially intuitive, and not 
intuitive navigation were coded. “Search” was not coded for intuitive use, as this 
often involved aspects of  both conscious and non-conscious processing. In these 
instances, the navigation was coded as either “Focused” or “Unfocussed Search” 
(Table 6.5). (Further detail is provided for each coding scheme in Chapters 7, 8 and 
9.) 
  
 108 
Table 6.4  
Categorising Intuitive Navigation 
 
Classification Example 1 – Using 
Signage 
Example 2 – Moving 
towards a destination 
Intuitive Acquires information 
quickly and confidently, 
with minimal 
verbalisation 
Moves to next point without 
verbalising; navigates 
confidently and correctly to 
next step 
Partially Intuitive Takes time to locate 
information, or to decide 
how to use information 
Somewhat certain that point 
is correct point to navigate 
to 
Not Intuitive Cannot find useful 
information from signs 
or takes significant time 
to find information; does 
not seem confident 
Not certain, or logical 
reasoning used 
 
Table 6.5  
Categorising Search 
 
Classification Example 
Focussed Looks at limited number of points in area; focuses on likely 
areas for finding information 
Unfocussed Looks at range of seemingly random points; searches across a 
range of points in the surrounding area 
 
6.8.1 Indicators of Intuitive Navigation 
Based on Blackler’s (2008) definition and investigation of intuitive use, it was 
hypothesised that inexperienced passengers use the airport less intuitively than 
experienced passengers. This might be shown in one, or a number of indicators 
described in Table 6.6. Indicators of a passenger navigating intuitively could include 
their taking less time to navigate to certain points, spending less time visually 
searching for useful elements, looking at fewer signs, spending less time acquiring 
information, making few navigation errors, verbalising fewer thoughts and being 
confident and/or correct in decision making. These indicators are useful in 
determining if intuitive navigation occurs, and also highlight the complexity involved 
in navigation. 
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Table 6.6  
Potential indicators of intuitive and not intuitive navigation in airports 
 
Passengers not 
navigating intuitively 
Passengers navigating 
intuitively 
Based on research by 
Take longer to navigate 
between certain points 
Take less time to navigate between 
certain points 
(Gärling et al., 1983; Hölscher & 
Brösamle, 2007; Hurtienne et al., 
2010; Langdon et al., 2007) 
Spend more time visually 
searching for useful 
elements 
Spend less time visually searching 
for useful elements 
(Blackler, 2008; Rothkopf et al., 
2007) 
Look at a greater number of 
signs 
Look at fewer signs (Churchill et al., 2008; Gentry, 2010) 
Spend longer time 
acquiring information from 
elements 
Spend less time acquiring 
information from elements 
(Blackler, 2008; Gentry, 2010; 
Hurtienne et al., 2010) 
Make more navigation 
errors 
Make fewer navigation errors (Allen, 2000; Arthur & Passini, 1992; 
Beaumont et al., 1984; Blackler, 
2008; Dogu & Erkip, 2000); Fewings 
(2001); (Hölscher & Brösamle, 2007; 
Prestopnik & Roskos-Ewoldsen, 
2000) 
Verbalise more thoughts Verbalise fewer thoughts (Agor, 1986; Blackler, 2008; 
Fischbein, 1987; Hammond, 1993; 
Noddings & Shore, 1984; Passini, 
1984) 
Not confident or not certain 
of correctness in decision 
making 
Have confidence or certainty in 
decision making; make correct 
decisions 
(Bastick, 2003; Blackler, 2008). 
 
6.8.2 Research Rigor 
To ensure the coding of the data had no researcher bias, 20% (9 of 44 
observations) of Analyses 1, 2, and 3 was coded by a “blind” researcher. Using the 
Kappa statistic, an inter-rater reliability analysis was performed to determine 
consistency of coding between the two raters. For Analysis 1, the inter-rater 
reliability for coding by the two raters was Kappa = 0.71 (p<.001). For Analyses 2 
and 3 (coded together), the inter-rater reliability for coding by the two raters was 
Kappa = 0.72 (p=<0.005). Landis and Koch (1977) consider that Kappa values 
between 0.60 and 0.79 indicate substantial agreement between the raters. 
6.9 REPORTING THE RESULTS 
To statistically examine the results (Chapters 7, 8 and 9), a linear mixed model 
was fitted, using generalised estimating equations to account for correlation between 
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observations of an individual. Pair-wise tests were carried out based on this model, 
using Tukey-Kramer multiple comparisons. 
Box plots were generated and used (Chapters 7, 8 and 9) to visually report 
some results. The general layout of a box plot is as follows: at the bottom of the box 
is the first quartile (25th percentile – 25% of the observations are equal or less than 
this value); the top of the box is the third quartile (75th percentile – 75% of the 
observations are equal to, or less than this value); the length of the box is the 
interquartile range (IQR = third quartile minus first quartile; i.e., it is the middle 50% 
of the observations); the whiskers extend to the minimum and maximum, if they are 
not more than 1.5 times the interquartile range below or above the box respectively; 
the median is the line inside the box (50% of the observations are less than this); and 
the diamond inside the box shows the mean. 
Significant results for mean, standard error and p values are reported within 
each chapter. (Full results are provided in tabular form in Appendices G, H and J.) 
6.10 SUMMARY 
This chapter outlined methods and procedures to investigate the research 
questions. By asking participants to navigate departure terminals wearing the eye- 
tracking glasses and using talk aloud protocol, it was possible to capture their 
navigation process in detail. This data was then analysed to explore the interaction 
between the navigator and the airport environment, intuitive navigation, and the 
elements used when navigating to different destinations within the airport. Chapters 
7, 8 and 9 provide the results of this analysis, and Chapter 10 then discusses the 
research and its findings. 
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Chapter 7: Intuitive navigation and 
Familiarity 
This chapter describes the degree to which passengers intuitively navigated to 
processing activities (for example, to check-in, to security, through security, and to 
the boarding gate) at Brisbane International Airport. Also examined is the percentage 
of time spent in the three Navigation States to these processing activities. 
To enable passengers’ intuitive navigation, familiarity with airports or similar 
environments is likely to be important (Section 5.1). However, there is currently no 
knowledge of how familiarity with airports affects passengers’ intuitive navigation. 
This chapter, therefore, explores the research question: Is there a link between 
intuitive navigation and familiarity with airport environments?  
7.1 METHOD 
Analysis 1 examined the time spent in the three Navigation States, and how 
intuitively the participants navigated the airport. Participants navigated to check-in, 
through landside to the security area, through security (navigation through customs 
was not observed due to government restrictions), and through airside to the boarding 
gate.  
The analysis of this navigation was performed by coding the video footage in 
Noldus Observer (Noldus, 2011). A coding scheme (Table 7.1) was developed to 
examine overall navigation, based on the existing wayfinding literature (Arthur & 
Passini, 1992; Beaumont et al., 1984; Mollerup, 2005; Wiener et al., 2009); the 
visual search literature (Duchowski, 2007; Hayhoe et al., 2007; Kingstone et al., 
2003); the intuitive interaction literature (Blackler, 2008; Blackler et al., 2010; 
Hurtienne & Blessing, 2007; O'Brien et al., 2008); and on observing how people 
navigate the airport. The coding scheme has three broad categories of Navigation 
States: (i) Going/doing, (ii) Assessing/acquiring information, and (iii) Search (Table 
7.1).  
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Table 7.1  
Navigation States Coding Scheme  
 
Navigation 
State 
Description Sub 
classification 
Description Example with verbalisation 
Going/doing Identifies 
point or area 
to navigate to 
and moves 
towards it 
Intuitive Moves to next point 
without verbalising or 
with minimal 
verbalisation; 
navigates confidently 
and correctly to next 
step  
“I’m just going to go directly to the 
check-in gates for Singapore cause I 
know where they are”; moves 
towards correct check-in counter 
Partially 
Intuitive 
Some uncertainty that 
point is correct point to 
navigate to 
Locates check-in row and verbalises: 
“Row 10,  I’m pretty sure this is the 
right one”; then examines the number 
again: “Yeah,  I think this is it” 
Not Intuitive Not certain or logical 
reasoning used 
Moves towards check-in counter: 
“I’ll head over this way”; looks 
around, then: “Uh, I’m not sure 
where it is” 
Assessing/ 
acquiring 
information 
Fixated on 
sign, object or 
area, 
extracting 
information 
from a source 
Intuitive Acquires information 
fast, with minimal 
verbalisation 
Looks at board, rapidly locates flight 
information; “Row 5, that’s  where I 
need to go”; then moves on 
Partially 
Intuitive 
Takes time to locate 
information, or decide 
how to use information 
Looks at board, taking time to locate 
flight, then verbalises: “Los Angeles, 
VA007,  departing 10.30,  row 8”; 
pauses, and re-examines information 
before moving on 
Not Intuitive Cannot find useful 
information from sign 
or takes significant 
time to find 
information 
Looks at board: “Now I have to find 
Air New Zealand. How do I do 
that?”; examines board but does not 
acquire information 
Search Searching for 
a place or sign, 
information or 
clue as to what 
to do or how 
to use the area 
Focussed Looks at limited 
number of points in a 
specific area; focuses 
on likely areas for 
information 
Rapidly looks at a number of check-
in elements; “Line-up, desk, ah there 
is the Virgin sign. Ok this is the 
Virgin check-in area” 
Unfocussed Looks at range of 
seemingly random 
points; searches across 
a range of points in 
multiple areas 
Scans wide area, looking at check-in 
desks:“Virgin”; then looks at retail 
area: “that’s the shops”; then looks at 
a number of signs 
 
Assessing/acquiring information occurred when participants fixated on an 
area/object or sign and attempted to extract information from it. Search occurred 
when a participant was attempting to locate an object or information from the 
environment, and scanned a range of objects and information in the environment. 
Participants were coded as Going/doing when they had identified a point or area to 
navigate to, and were not actively in Assessing/acquiring information or Seach mode. 
Each Going/doing and Assessing/acquiring information action was categorised 
as intuitive, partially intuitive or not intuitive. While searching, there was often a 
rapid examination of a range of objects within the environment, and this involved 
fast and aspects of semi/non-concious processing. However, the elements they were 
analysing were often not correct elements to use for the task at hand. Therefore, 
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Intuitiveness of Search was difficult to categorise in the airport setting. Thus, Search 
was further categorised as “Focussed” or “Unfocussed”. Focussed search occurred 
when the participant searched a specific area in an attempt to locate an object or 
information. For example, when searching for the correct check-in row and scanning 
one check-in row. Unfocussed search occurred when a participant examined a wide 
range of elements in the airport environment, for example, when searching for the 
correct check-in row and scanning the entire check-in area, including signs, a number 
of check-in desks, fellow passengers and staff.  
7.2 VISUALISATION AND VERBALISATION RESULTS FOR THE 
THREE NAVIGATION STATES  
All participants made it to the correct boarding gate in time for their flight; 
however, differences were found in how they navigated. Analysis 1 focussed 
primarily on navigation in relation to moving between and through the processing 
stages (that is: check-in, security and boarding). Results are presented for the three 
Navigation States. These results are then followed by analysis of AEF with respect to 
age and gender.  
7.2.1 Visualisation of the Navigation States 
After coding the navigation journey of 30 participants, it was possible to 
compare the sequences of Going/doing, Assessing/acquiring information, and 
Search. The visualisation of the first 20 minutes of navigation by Low familiarity and 
High familiarity participants is shown in Figure 7.1, along with indicators of when 
they arrived at check-in (C), and security (S). Medium familiarity participants were 
not included so as to assist in a clear comparison between Low and High familiarity 
participants—the results of which are given in Section 7.4. 
Figure 7.1 illustrates how people transition between Navigation States while 
moving though the airport. It also shows that navigation can be a stop/start process, 
with breaks to complete other activities. 
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Figure 7.1: Navigation visualisation (first 20 minutes) of Low and High familiarity 
participants 
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Low familiarity participants (Figure 7.1) have long periods of Search and 
Assessing/acquiring information along with periods of Going/doing. These periods 
of Search and Assessing/acquiring information occurred when navigating to check-in 
and to security screening, and are highlighted by the dashed line box in Figure 7.1. In 
contrast, High familiarity participants have long periods of Going/doing, interspersed 
with shorter periods of Assessing/acquiring information throughout the navigation 
process. High familiarity participants also showed few occurences of Search. 
After the 10 minute mark, however, the visualisations appear similar, with far 
fewer instances of Search for Low AEF participants. Many Low AEF participants 
had, by that time, already completed check-in and passed through security, and were 
then navigating to the boarding gate.  
7.3 RESULTS FOR TIME COST OF NAVIGATION STATES 
In this section, results for the time cost associated with intuitive, partially 
intuitive and not intuitive navigation are presented. Interestingly, the mean time 
(16.06 seconds) for Going/doing intuitive was longer than Going/doing partially 
intuitive (mean=10.37 seconds) and Going/doing not intuitive (mean=8.79 
seconds)(Table 7.2). This result can be attributed due to the nature of the activity, 
where participants Going/doing intuitively would often have identified the next 
navigation point, and would simply be moving towards this point. In the airport 
setting, there were often many metres to travel to these destinations. If the participant 
was Going/doing partially or not intuitively, then they would often then switch into 
Assessing/acquiring information or the Search state to confirm where they are 
navigating to is correct, hence a shorter time Going/doing. 
Table 7.2  
Going/doing interaction duration 
 Going/doing intuitive Going/doing partially 
intuitive 
Going/doing not 
intuitive 
 Mean SD Mean SD Mean SD 
Time (sec) 16.06 4.90 10.37 4.76 8.79 4.81 
 
For Assessing/acquiring information, the mean time for intuitive use was 2.86 
seconds (Table 7.3). This is less time than for Assessing/acquiring information 
partially intuitively (mean=4.24 seconds) or not intuitively (mean=9.04 seconds). 
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Table 7.3 
Assessing/acquiring information interaction duration 
 Assessing/acquiring 
information intuitive 
Assessing/acquiring 
information partially 
intuitive 
Assessing/acquiring 
information not intuitive 
 Mean SD Mean SD Mean SD 
Time (sec) 2.86 0.73 4.24 1.80 9.04 4.64 
 
There was also a difference between Search Focussed (mean=3.92 seconds) 
and Search Unfocussed (mean=8.39 seconds), with Search Unfocussed taking longer 
than Search Focussed (Table 7.4). 
Table 7.4  
Search Focussed/Unfocussed interaction duration 
 Search Focussed Search Unfocussed 
 Mean SD Mean SD 
Time (sec) 3.92 3.50 8.39 5.28 
 
Similar results for mean times were found for at a second international airport, 
reported in Appendix G. 
7.4 RESULTS FOR STATISTICAL ANALYSIS OF NAVIGATION STATES 
First, results for the percentage of time spent in each Navigation State is 
presented (Section 7.4.1). These are then followed by results from the examination of 
the effect of AEF on the percentage of time spent in each Navigation State (Section 
7.4.2), followed by results for the effect of AEF on the percentage of time spent 
intuitively navigating (Section 7.4.3). Finally, results are presented for the effect of 
age and gender on navigation in Section 7.4.4. 
To statistically examine these results, a linear mixed model that generalised 
estimating equations was applied, and accounted for correlation between an 
individual’s observations. Pair-wise tests were carried out, based on this model, 
using Tukey-Kramer multiple comparisons. (For full results, see Appendix G.) 
7.4.1 Results for time spent in the three Navigation States 
When navigating the airport, participants spent most of their time in 
Going/doing, with Assessing/acquiring information and Search interspersed 
throughout. Significant differences were found in the percentage of time spent in 
each Navigation State (Figure 7.2). Participants spent a greater percentage of mean 
time Going/doing (mean=70.95%), compared with Assessing/acquiring information 
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(mean=22.28%) (z=-20.73, p<0.001) and Search (mean=6.77%) (z=11.92, p<0.001), 
and spent significantly more time in Assessing/acquiring information 
(mean=22.28%) than in Search (mean= 6.77%) (z=11.92, p=<0.001). 
 
Figure 7.2: Comparison of Navigation States 
 
7.4.2 Examining AEF and the Navigation States 
The following results examine differences between the AEF groups and the 
percentage of time spent in each Navigation State. Differences between the AEF 
groups provide insight into how AEF can impact on navigation. To statistically 
examine the results, a linear mixed model that used generalised estimating equations 
was applied, to account for correlation between an individual’s observations. Based 
on this model, pair-wise tests were carried out using Tukey-Kramer multiple 
comparisons. (See Appendix G for full results.) 
Low AEF participants spent a significantly lower percentage of time 
Going/doing (mean=57.83%) than Medium AEF (mean=75.96%)(z=-4.12, p<0.001), 
or High AEF participants (mean=79.06%)(z=4.97, p=<0.001). Overall, there was no 
significant difference between Medium AEF and High AEF participants and the 
percentage of time spent Going/doing. 
  
Chapter 7: Intuitive navigation and Familiarity 118 
Low AEF participants spent significantly more time Assessing/acquiring 
information (mean=28.39%) than Medium (mean=19.11%) (z=3.97, p=<0.003) and 
High AEF participants (mean=19.33%)(z=-4.46, p<0.001). Between Medium and 
High AEF participants, there was no significant difference in the percentage of time 
spent  Assessing/acquiring information. 
Low AEF participants spent significantly more time in the Search state 
(mean=13.78%) compared with High AEF participants (mean=1.6%)(z=-4.02, 
p<0.002). The percentage of time spent in Search was not significantly different 
between Low and Medium AEF participants, or Medium and High AEF participants. 
In summary, these results indicate that Low AEF participants spend a smaller 
percentage of time Going/doing, and a larger percentage of time in 
Assessing/acquiring information and Search than High AEF participants. Medium 
and High AEF participants tend to spend less time Assessing/acquiring information 
and Searching than Low AEF participants. 
7.4.3 Examining Intuitive Navigation 
The previous section established differences in the percentage of time spent in 
the Navigation States and AEF. It is now possible to examine each Navigation State 
and how intuitively it was used, first examining all participants and, then, by AEF 
groupings. This provide insights into whether there are differences in intuitive 
navigation between AEF groups.  
Going/Doing and Intuitive Navigation 
Low AEF participants spent significantly less time Going/doing intuitively 
(mean=84.51%) than High AEF participants (mean=97.40%) (z=3.34, p=<0.024). 
No significant differences were found between Low and Medium, or Medium and 
High AEF participants for intuitive Going/doing. 
Low AEF participants (mean=13.42%) spent significantly more time 
Going/doing partially intuitively than High AEF participants (mean=2.58%)(z=-3.27, 
p=<0.030). There was no significant difference between Low and Medium AEF 
participants or between Medium and High AEF participants.  
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For not intuitive Going/doing, there were no significant differences between 
Low AEF and Medium AEF participants, Low and High AEF participants, or 
Medium and High AEF participants. 
In summary, Low AEF participants were found to spend a smaller percentage 
of time intuitively Going/doing, and a higher percentage of time partially intuitively 
Going/doing than High AEF participants. This indicates that familiarity with airports 
and similar environments is linked to intuitive Going/doing. 
Assessing/Acquiring Information 
Low AEF participants spent significantly less time intuitively (mean=34.10%) 
Assessing/acquiring information than High AEF participants (mean=74.83%) 
(z=5.78, p=<0.001). Low AEF participants (mean=34.10%) also spent significantly 
less time in intuitive Assessing/acquiring information than Medium AEF participants 
(mean=61.99%)(z=-3.12, p=<0.048). There was no significant difference between 
Medium and High AEF participants in this regard.  
Low AEF participants spent a significantly higher percentage of time (mean = 
31.10%) in partially intuitively Assessing/acquiring information than High AEF 
(mean=19.83%)(z=-4.51, p=<0.001) participants. For partially intuitive 
Assessing/acquiring information, there was no significant difference between Low 
AEF and Medium AEF, or Medium AEF and High AEF participants. 
Low AEF (mean=19.05%) participants spent a significantly greater percentage 
of time in not intuitive Assessing/acquiring information than High AEF participants 
(mean=5.33%)(z=-3.42, p=<0.033). There was no significant difference between 
Low AEF and Medium AEF, or between Medium AEF and High AEF participants, 
for not intuitive Assessing/acquiring information. 
In summary, Low AEF participants spent a significantly smaller percentage of 
time intuitively Assessing/acquiring information than both Medium and High AEF 
participants. Low AEF participants also spent a significantly greater percentage of 
time partially and not intuitively Assessing/acquiring information than High AEF 
participants. These results again indicate a link between a passenger’s familiarity 
with airports and similar environments, and their intuitive navigation within airports. 
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Search 
Low AEF participants spent a significantly higher percentage of time 
(mean=68.11%) in Unfocussed search than High AEF participants (mean=21.56%) 
(z=-3.44, p=<0.008). There was no significant difference between Low and Medium 
AEF, or Medium and High AEF participants in this regard.  
There were no significant differences for Focussed search between Low and 
Medium AEF participants, or between Low and High AEF participants. There was 
also no significant difference between Medium and High AEF participants. 
In summary, while there was no significant difference between the AEF groups 
for Focussed search, Low AEF Participants spent a significantly higher percentage of 
time in Unfocussed search than High AEF participants. This indicates that when Low 
AEF participants have to search for objects or information, they might spend time 
using a wider search range. This indicates that Low AEF participants might have less 
knowledge of where to look for useful elements. 
7.4.4 Results for Age Groups, Gender and the Navigation States 
Age 
Participants aged 18-30 spent a significantly lower percentage of time 
(mean=64.13%) Going/doing than participants aged 41-67 (mean=77.96%)(z=3.32, 
p<0.001). There was no significant difference between the 18-30 and 31-40 groups, 
or between the 31-40 and 41-67 groups. 
The 18-30 group spent a significantly higher percentage of time 
(mean=25.65%) in Assessing/acquiring information than the 41-67 group 
(mean=19.05%)(z=-3.27, p=<0.030). There was no significant difference between 
the 18-30 and 31-40 groups, or 31-40 and 41-67 groups. There were no significant 
differences between 18-30 and 31-40, 18-30 and 41-67, or 31-40 and 41-67 groups 
and the percentage of time spent in the Search state. 
An examination of Age groups and intuitive use, found that there were no 
significant differences for Going/doing (intuitive, partially intuitive or not intuitive) 
or Assessing/acquiring information (intuitive, partially intuitive or not intuitive). One 
difference was that the 18-30 group spent a significantly higher percentage of time in 
Unfocussed search (mean=59.95%) compared to the 41-67 group 
(mean=22.63%)(z=-3.15, p=<0.020).  
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In summary, while there were some differences between the 18-30 and 41-67 
Age groups, familiarity is potentially a more important factor. Those in the 18-30 
Age group have had fewer years to gain experience, while those in the 41-67 group 
have had many more years. 
Gender 
Between the genders, there were no significant differences between 
Going/doing, Assessing/acquiring information and Search. There were also no 
significant differences between the genders and intuitive navigation for Going/doing 
or Assessing/acquiring information. There were also no significant differences 
between the genders for Focussed or Unfocussed search. In short, this study did not 
find any significant differences between females and males. 
7.4.5 Examples of Concern, Doubt and Anxiety during Search and 
Assessing/acquiring information. 
Some participants had significant periods of Search and Assessing/aquiring 
information while navigating to both check-in and security. The following examples 
indicate the uncertainty, concern, doubt and anxiety that  Low and Medium AEF 
participants can experience during navigation.  
The first example consisders a Low AEF female participant (AEF score = 14) 
trying to locate the check-in desk for her flight. Upon entering the check-in area, she 
sighted a Flight Information Board and confirmed the flight was on time, but did not 
acquire the Qantas check-in row number. With the knowledge that she needed to 
navigate to a Qantas check-in desk, she examined the check-in counters for other 
airlines and then said, “I have to find the Qantas counter…umm…” Unable to locate 
the Qantas check-in counter, she then moved towards a check-in counter of another 
airline, in the opposite direction to where she should have been heading. Searching 
for something to indicate where the Qantas desk might be, she then said, “Oh my 
gosh”, turned around, and moved back towards the Flight Information Board (FIB). 
Looking at the FIB, the participant then located her specific flight code and said, 
“A8730. What does that mean?”, before further scanning the board and locating the 
row number. 
Participants with higher AEF scores also expressed concern/doubt/anxiety 
when experiencing difficulties during navigation. A female participant with an AEF 
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score of 29, tried to locate her specific check-in desk. She had identified from the 
FIB that she had to navigate to Row 1. Moving in the right direction, she sighted 
Rows 2 and 3, but could not locate Row 1. She searched the area, then said, “And 
now I’m a bit nervous as to where I should be going for my flight.” She then paused, 
and added, “For my check-in.” She continued searching, then said, not confidently, 
“So my plan is to then be…” She continued searching, and eventually sighted the 
Row 1 sign. 
Some participants had issues locating the next processing step after check-in. 
The next processing step was security, which first required navigation to the entrance 
of the security section. A Low AEF male participant (AEF score = 4), after 
completing check-in, set off to locate the next point to navigate to and said, “Umm, 
first thing I think of, where’s the plane going to leave from?” Searching the area, he 
walked straight past the security entrance and then moved towards a food court/retail 
area, which has large windows that overlook the airside of the airport and the 
airplanes. He was able to locate the airplanes, but could not locate where to go to get 
down to the airside and the airplanes. Clearly frustrated, he sighed, and then swore. 
He then looked around the area for visual clues, before deciding to navigate back to 
the check-in desk to ask for assistance. Just before arriving at the check-in counter, 
he saw and identified the entrance to the security area, verbalising, “I’ve got this”. 
Even when the navigator locates the correct processing destination to navigate 
to, there can be issues with understanding the correct order of processing activities to 
complete. An example of this was a male participant (AEF score of 14), who tried to 
locate the entrance to security. After moving away from the check-in area, he said, 
“So where does one go to get to a gate?” He then examined the security entrance and 
said, “I haven’t filled out a card. I probably shouldn’t go there.” In this example, he 
indicated knowledge of completing an Outbound Passenger Card (OPC), which is 
required for customs processing. However, he did not want to enter the security area 
until he located the card. He then walked around the area, searching for visual clues 
of where to locate or complete the OPC. Eventually, he returned to the security 
entrance, examined it, and said, “I’m wondering if we keep going on to there.” He 
then walked through the entrance and said, “And right about now I’m hoping I don’t 
get mugged by security.” After entering the security area, he looked ahead and saw 
other passengers filling out paperwork in the OPC area. Clearly relieved, he said, 
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“Ah, paperwork”, and navigated to the area to complete the card. To reiterate, in this 
example, despite the participant sighting the destination to navigate to, the 
order/location of processing activities was not clear to him. 
The examples of verbalisation during search and assessment highlight how 
participants can have doubt, concern or anxiety during navigation, particularly during 
Search and Assessing/acquiring information. Not only can Low AEF participants 
express doubt/concern/anxiety, so too can participants with Higher AEF scores. 
However, Low AEF participants verbalised doubt/concern/anxiety more frequently 
than those with higher AEF. Reasons for doubt/concern/anxiety included uncertainty 
of what to do or where to go, difficulty acquiring relevant information from the 
environment, and not understanding the process or layout of the activities in the 
airport. 
7.5 DISCUSSION 
The results presented above provide new insight into how passengers navigate 
an airport terminal. They show how navigation is not always straightforward, with 
passengers switching between Navigation States while navigating to a destination. 
There were rapid transitions between Going/doing, Assessing/acquiring information 
and Search. Low AEF participants were found to Search more while navigating, 
indicating that the environment does not always meet their knowledge or navigation 
needs. This helps explain why Fewings (2001) and Tam and Lam (2004) also found 
that passengers can experience difficulty when navigating airports. 
Results also indicate that passengers with Low AEF spend more time searching 
for information. Searching for information has the potential to increase the total 
amount of time a passenger takes to navigate to a point, and increases the stress or 
frustration they experience. While not quantitatively examined, some participants 
showed indicators of stress and frustration, as described in Section 7.4.5. Stress and 
anxiety have previously been found to have a negative impact on navigation (Lynch, 
1960; Passini, 1996; Pinelo da Silva, 2010). 
There is evidence that familiarity with airports and similar environments is an 
important factor in the amount of time spent in the three Navigation States 
(Going/doing, Assessing/acquiring information and Search). The results show Low 
AEF participants spent a significantly lower percentage of the navigation duration 
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Going/doing than Medium or High AEF participants. Low AEF participants spent a 
significantly larger percentage of the navigation duration in Assessing/acquiring 
information than Medium or High AEF participants. Low AEF participants spent a 
significantly larger percentage of the navigation duration in Search than High AEF 
participants. These results highlight that passengers can navigate differently 
according to their familiarity with airports or similar environments. 
These results also indicate that intuitive navigation is enabled by familiarity. 
Compared to High AEF participants, Low AEF participants spent a lower percentage 
of time in the intuitively Going/doing and intuitively Assessing/acquiring 
information states. Additionally, the results indicate that Unfocussed search is linked 
with familiarity. Low AEF participants spent a greater percentage of time in 
Unfocussed search than High AEF participants. 
There is evidence that age impacts intuitive navigation, with younger (18-30) 
participants spending less time Going/doing and more time in Assessing/acquiring 
information than older participants (41-67). This might be due to some of the 
younger participants having less experience than the older participants, as in the case 
of Lawton’s (1994) previous navigation research. There are no significant differences 
between the age groups for intuitive navigation, indicating that for adults between 18 
and 67, age has little to no effect on intuitive navigation in airports. 
There are no significant differences between the genders either in the duration 
spent in each Navigation State, or in intuitive navigation within each of the 
Navigation States. This result differs from a number of previous studies (Allen, 
2000; Lawton, 1994; Prestopnik & Roskos-Ewoldsen, 2000) that did find differences 
in this regard. (See Section 10.1.1 for further discussion on navigation and gender.) 
7.6 SUMMARY 
This research concurs with the theory of intuitive interaction. This chapter has 
established that familiarity is linked to intuitive navigation within airports. However, 
familiarity and intuitive navigation do not tell the full story of the navigation process, 
which is investigated in further detail in Chapters 8 and 9. Chapter 8 now examines 
passengers’ intuitive use of Location-defined Elements while navigating. 
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Chapter 8: Location-defined Elements 
The first analysis in Chapter 7 examined Navigation States and intuitive 
navigation. Results indicate that passengers do not always navigate intuitively, and 
can spend time searching for useful objects and information. With greater familiarity, 
passengers are likely to navigate more intuitively, spend less time locating useful 
objects, and acquire information faster. Thus, the focus of this chapter shifts to 
addressing the research question: Which elements enable intuitive navigation within 
airport terminals?  
Previous research indicates that signage is important; however, despite its use, 
people can still have difficulty navigating (Churchill et al., 2008; Gentry, 2010; Tam 
& Lam, 2004). The work of a number of authors, including Churchill et al. (2008) 
and Fewings (2001), show that a range of elements in the environment are likely to 
be used in navigation. Two ways of examining these elements were identified: (i) 
Location-defined Elements (Section 6.2.2) and (ii) Signage, Non-signage and Mixed 
Elements (Section 6.2.3).  
Location-defined Elements are defined by their relationship to the destination 
of the navigator. This relationship has been previously identified (Braaksma & Cook, 
1980; Caves & Pickard, 2001; Correia & Wirasinghe, 2008; Modak & Patkar, 1984; 
Mollerup, 2005; Popovic et al., 2010; Raubal et al., 1997; Tam & Lam, 2004; Zhang 
et al., 2010).  
In contrast, Signage, Non-signage and Mixed Elements are defined by whether 
the element is either signage, non-signage, or a mix of both signage and non-signage. 
The importance of elements to navigation, whether they incorporate signage 
information or not (Signage and Non-signage Elements), has been discussed in 
previous research (de Barros et al., 2007; J. Gibson, 1979; Jung & Gibson, 2007; 
Norman, 2013; Raubal & Worboys, 1999; Tam & Lam, 2004; Xia et al., 2008). 
This chapter explores the use of Location-defined Elements, while Chapter 9 
explores the use of Signage/Non-signage/Mixed Elements. In this chapter, the use of 
Location-defined Elements is first statistically analysed for duration of use and 
intuitive navigation. Then, Location-defined Elements are examined, using 
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visualisations to describe the navigation process to different destinations within the 
airport.  
8.1 METHOD 
Addressing the research question “What elements enable passengers’ to 
intuitively navigate an airport terminal?” required a different focus to Analysis 1, 
which examined the three Navigation States. For Analysis 2, the focus was on the 
elements that enable intuitive navigation, using the data from Brisbane international. 
To examine Location-defined Elements, a new coding scheme was developed. Based 
on the literature and observations from Chapter 7, four potentially important 
Location-defined Elements were identified: (i) Navigator-specific Point Elements, 
(ii) Similar Point Elements, (iii) Information (Outside-of-Point) Elements, and (iv) 
Personal Item Elements. Figure 8.1, Figure 8.2 and Figure 8.3 provide examples of 
these elements. These four groups of elements are now discussed in further detail. 
Navigator-specific Point Elements 
Within the airport, passengers must navigate to specific destinations to 
successfully complete their specific navigation task (for example, check-in, security, 
and the boarding gate). The areas that the passenger must navigate to are defined as 
“Navigator-specific Points” and, within these areas, there are Navigator-specific 
Point Elements. For certain tasks, the points are the same for all passengers, for 
example, navigating to the security entrance. For other tasks, the navigation point 
might be in very different locations and be different in appearance; for example, two 
passengers on different flights might have different check-in desks with different 
layouts and different airline information and signage.  
Similar Point Elements 
While the navigator has to navigate to Navigator-specific Points to successfully 
move through the airport, there are alternative navigation points, defined as “Similar 
Points”. For example, at check-in, there might a number of check-in locations 
associated with different airlines, or even for individual flights. While the passenger 
is required to navigate to one of these check-in locations, other passengers will 
navigate to similar check-in locations. For the navigator, the similar check-in 
locations could make the navigation more complicated (as they have to identify their 
specific location from the options) or easier (as the similar points can provide clues 
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to the activities in the area). Within the Similar Point areas, are elements that  are 
then defined as “Similar Point Elements”. 
 
 
Figure 8.1: Example of Location-defined Elements (Navigator-specific Point, Similar 
Point and Information [Outside-of-Point] Elements) within the check-in area 
 
Information (Outside-of-Point) Elements 
There are information sources within the airport that are not located within 
Navigator-specific Points and Similar Points. While Information (Outside-of-Point) 
could be called “Signage”, it was necessary to develop separate labels to assist the 
reporting and discussion of the results. Three examples of Information (Outside-of-
Point) include: Flight Information Board (FIB), directional or process-related signage 
(which could be directional or process-related) and maps/kiosks.  
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Personal Item Elements 
Moving  through the airport, there are potentially useful navigation elements 
that a navigator will have with them. Two types were identified: (i) Paperwork 
(Figure 8.2), and (ii) Personal Devices. Paperwork can include the flight information 
that a passenger has when they arrive at the airport, including e-tickets or airline 
receipts. Paperwork can also include the boarding passes provided at check-in, and 
Outbound Passenger Cards that passengers are required to complete for customs. 
Personal devices include watches and mobile devices.  
 
 
Figure 8.2: Example of a Personal Item Element 
 
8.1.1 Navigation Destinations 
Within the airport, two types of navigation destinations were identified: (i) 
Flight-defined Destinations, and (ii) Combined-passenger Destinations. Destinations 
that were dependent on the flight or airline the passenger was catching were 
categorised as “Flight-defined Destinations”, and include check-in and the boarding 
gate. Destinations where all passengers passed through the same points were defined 
as “Combined-passenger Destinations”, and include navigation to and through the 
security processes. (For more information, see Chapter 6.2.1.) 
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Figure 8.3: Example of Navigator-specific Point or Similar Point Elements 
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8.1.2 Intuitive Use of Elements 
Each element was coded for either intuitive, partially intuitive, or not intuitive 
use. Table 8.1 provides examples of how the Location-defined Elements were coded, 
and examples of intuitive, partially intuitive and not intuitive use.  
Additionally, each element was coded for use while navigating to either  (i) a 
Flight-defined Destination or (ii) a Combined-passenger Destination. This chapter 
provides results pertaining to the percentage of time participants spent using the 
Location-defined Elements, first when navigating to Flight-defined Destinations, and 
then when navigating to Combined-passenger Destinations. Note that whether an 
element was coded as either a “Navigator-specific Point Element” or “Similar Point 
Element”, was contextually dependent on where the participant was required to 
navigate to at the time. Table 8.2 shows the categorisation of elements within the 
airport. 
In Chapter 7, Analysis 1 examined navigation from the beginning of the 
navigation process to the point at which the participant stopped at the boarding gate 
and waited for the boarding process to commence. However, not all participants 
stopped when they navigated to the boarding gate. Some would locate the boarding 
gate, then backtrack to airside discretionary, then eventually navigate back to the 
boarding gate. While this provided an accurate view of how passengers navigate, 
some passengers did the same task twice. Navigating back to the boarding gate the 
second time appeared to be more intuitive for passengers as they had prior 
experience in completing the task. However, while accurately reflecting the entire 
navigation process of passengers, it might have increased the time they spent 
navigating intuitively. In Analyses 2 and 3 (Chapters 8 and 9), therefore, navigation 
was coded from check-in through to the first time participants visually sighted the 
boarding gate (that is, once they had completed the task of navigating to that point). 
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Table 8.1 
 Location-defined Elements Coding Scheme 
 
Element Location Example Sub 
Classification 
Example 
Navigator-
specific Point 
Element 
Uses element 
within 
Navigator-
specific Point 
Examines the 
specific 
check-in 
counter for 
that 
flight/airline 
Intuitive  Examines the check-in counter quickly and 
confidently, identifying that it is the point to navigate 
to with minimal or no verbalization: for example, 
verbalises, “Row 8”, and moves towards it 
Partially Intuitive Examines check-in counter for longer than intuitive 
example, but still fairly briefly; verbalises and is 
reasonably confident; for example, verbalises: “Row 
4, I think that’s the one”; pauses briefly, looking at 
the number, then says, “Yes, that’s it” 
Not intuitive Examines for a significant period of time; uncertain 
or does not identify that it is the correct point to 
navigate to; for example, looks at row number for 4 
seconds, then verbalises: “Umm, is that my counter, 
umm row 6, I think that might be it” 
Similar Point 
Element 
Uses element 
within Similar 
Point 
Examines a 
check-in 
counter for a 
different 
flight/airline 
Intuitive Examines the check-in counter briefly, identifying 
that it is not their counter; does so quickly and with 
minimal or no verbalisation; for example, looks at 
counter, then verbalises “Virgin”, and moves on to 
look for Air New Zealand check-in counter 
Partially Intuitive Examines check-in counter for longer than intuitive 
example, but still fairly briefly; verbalises and is 
reasonably confident; for example, looks for a few 
seconds at Virgin sign: “Ok, I think that’s Virgin 
there, so my counter must be somewhere else” 
Not intuitive Examines the check-in counter for a significant 
period of time; not certain or does not identify that it 
is not a point that they need to navigate to; for 
example, looks at Air New Zealand counter for 4 or 
so seconds: “Ummm, not sure if that’s my counter, 
could be; Ummm I’m looking for Qantas” 
Information 
(Outside-of-
Point  ) 
Element 
Uses 
Information 
element outside 
of Navigator-
specific Points 
and Similar 
Points 
Examines a 
Flight 
Information 
Board for 
information 
(for example, 
a row 
number) 
Intuitive Examines the board and acquires relevant information 
quickly, efficiently and confidently; minimal or no 
verbalisation; for example, looks at board and says: 
“Aha, row 6”, and then moves on 
Partially Intuitive Takes time to locate information, or to decide how to 
use information; verbalises process; for example, 
examines board, taking more time to locate the row 
number: “Ummmm, there we go, Row 6 I think”, and 
then moves on 
Not intuitive Cannot find useful information from sign, or takes 
significant time to find information; verbalises 
process and has little confidence; for example, looks 
at board, taking time to locate flight information: 
“Ummm, I’m looking for the Qantas flight to 
Singapore; I’m having trouble finding it” 
Personal Item 
Element 
Uses paperwork 
or personal 
device  
Examines e-
ticket for 
information 
Intuitive Examines the e-ticket and acquires relevant 
information quickly, efficiently and confidently; 
minimal or no verbalisation: “Departure time 10.30” 
Partially Intuitive Takes time to locate information, or to decide how to 
use information; verbalises process: “Ahh, Departure 
time is… (Pause) Ahh, 11 am” 
Not Intuitive Cannot find useful information from e-ticket or takes 
significant time to find information; verbalises 
process and has little confidence: “Where is the 
check-in desk? Um (searches paperwork) Hmmm, not 
sure what to do” 
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Table 8.2  
Location-defined Elements 
 
Location-defined 
Elements 
Destination/Location Element located in area of Navigation Point 
Navigator-specific Point 
Elements, Similar Point 
Elements 
Check-in Check-in but difficult to tell specific Element 
Check-in Airline Sign 
Check-in Row Number 
Check-in Rope/Line-up Queue 
Check-in Screen 
Check-in Desk 
Security Entry Security Structure/Arch/Departure Sign 
Security Atrium/ Escalator / Lift 
Outbound Passenger Card 
Bench and Cards 
OPC Bench and Cards 
Liquids, Aerosols and 
Gasses Bench and Trays 
LAG Bench and Trays 
Security Line Entrance Security Line Entrance / Archway 
Security Screening Security but difficult to tell specific Element 
Security Prep / Bench / Trays / Screening 
Boarding Gate  Boarding Gate but difficult to tell specific Element 
Boarding Gate Row Number 
Boarding Gate Screen 
Boarding Gate Desk or Doorway 
Boarding Gate Aerobridge 
Boarding Gate Airline Sign 
Boarding Gate Rope / Line-up Queue 
Boarding Gate Seating Area 
Airplane 
Information (Outside-of-Point) 
Element 
Throughout the airport Flight Information Board 
General Sign 
Map/Information Kiosk 
Personal Item Element With the navigator Paperwork 
Personal Device ; for example, Mobile Device 
 
8.2 RESULTS FOR INTERACTION DURATION 
In this section, the mean time associated with intuitive, partially intuitive and 
not intuitive navigation, using Location-defined Elements is presented. The results 
indicate that there is a clear time benefit to intuitive navigation when using Location-
defined Elements. Mean intuitive use of elements was 1.95 seconds, while mean 
partially intuitive use of elements was 3.86 seconds and mean not intuitive use of 
elements was 5.15 seconds (Table 8.3). Similar results for mean times were found for 
at a second international airport (Appendix I). 
  
Chapter 8: Location-defined Elements 133 
Table 8.3  
Interaction duration of Location-defined Elements 
 Intuitive Partially intuitive Not intuitive 
 Mean SD Mean SD Mean SD 
Time 1.95 0.40 3.86 1.97 5.15 2.85 
 
8.3 STATISTICAL ANALYSIS OF RESULTS FOR LOCATION-DEFINED 
ELEMENTS 
To provide an overview of the Location-defined Elements used, the results are 
divided into two sections: (i) Flight-defined Destinations (to check-in and boarding 
gates, which differ between passengers); and (ii) Combined-passenger Destinations 
(to and through security processing, which is the same destination for all passengers). 
A linear mixed model was applied to statistically examine the results, with 
generalised estimating equations used to account for correlation between an 
individual’s observations. Based on this model, pair-wise tests were carried out, 
using Tukey-Kramer multiple comparisons. 
8.3.1 Flight-defined Destination Statistical Analysis 
This section examines the use of Location-defined Elements to Flight-defined 
Destinations (check-in and boarding gate). First, results for the duration of use of the 
elements is presented, and then, detailed results for each element are given. (For the 
full statistical tables, refer to Appendix H.) 
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Figure 8.4: Location-defined Elements used while navigating to Flight-defined 
Destinations 
 
When navigating to Flight-defined Destinations, participants spent the majority 
of time examining two types of elements, Navigator-specific Point Elements 
(mean=40.15%) and Information (Outside-of-Point) Elements (mean=38.80%) 
(Figure 8.4). There were no significant differences between these two elements, and 
both were found to have a significantly higher duration than either Similar Point 
Elements or Personal Item Elements. The percentage of time spent examining 
Navigator-specific Point Elements was significantly higher than Similar Point 
Elements (z=9.26, p=<.001) or Personal Item Elements (z=16.62, p=<.001). The 
percentage of time spent examining Information (Outside-of-Point) Elements was 
also significantly higher than Similar Point Elements (z=9.07, p=<.001) or Personal 
Item Elements (z=12.18, p=<.001). 
Personal Item Elements used while navigating to Flight-defined 
Destinations 
For participants using Personal Items when navigating to Flight-defined 
Destinations (Figure 8.5), intuitive navigation (mean=64.01%) was found to be 
significantly higher than partially intuitive (m=26.33%)(z=4.00, p=<0.001) and not 
intuitive navigation (mean=6.33%)(z=7.92, p=<0.001). There was no significant 
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difference between partially intuitive and not intuitive navigation when using 
Personal Items. 
 
Figure 8.5: Intuitive use of Personal Items while navigating to Flight-defined 
Destinations 
 
When navigating to Flight-defined Destinations, Low AEF participants used 
Personal Items (mean=44.02%) significantly less intuitively than Medium AEF 
participants (mean=78.70%)(z=-3.24, p=<0.033). Some Low AEF participants had 
issues locating useful information, or continually referred to Personal Item Elements 
when unsure of where to go or what to do. Low AEF participants used Personal Item 
Elements partially intuitively (mean=49.40%)—significantly more than High AEF 
participants (mean=15.80%)(z=-3.59, p=<0.010)—when navigating to Flight-defined 
Destinations. 
Information (Outside-of-Point) Elements used while navigating to Flight- 
defined Destinations 
Looking at how intuitively participants used Information (Outside-of-Point) to 
Flight-defined Destinations, there are interesting results (Figure 8.6). Intuitive use of 
Information (Outside-of-Point) Elements is significantly higher than partially 
intuitive (z=3.40, p=<0.002) and not intuitive navigation (z=4.15, p=<.001). 
However, participants have a lower mean intuitive use (mean=55.61%), with a 
higher partially intuitive (mean=26.40%) and not intuitive use (mean=17.99%), of 
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Information (Outside-of-Point) Elements compared with the other elements used 
when navigating to Flight-defined Destinations. Also of note is that there was no 
significant difference between partially intuitive and not intuitive navigation. 
 
 
Figure 8.6: Intuitive use of Information (Outside-of-Point) Elements while 
navigating to Flight-defined Destinations 
 
When navigating to Flight-defined Destinations, Low AEF participants spent 
significantly less time (mean=28.92%) intuitively using Information (Outside-of-
Point) than High AEF participants (mean=76.80%)(z=4.86, p=<0.001).  Low AEF 
participants spent significantly more time (mean=29.95%) not intuitively using 
Information (Outside-of-Point) than High AEF participants (mean=4.14%)(z=-3.18, 
p=<0.040).  
Similar Point Elements used while navigating to Flight-defined 
Destinations 
For navigation to Flight-defined Destinations (Figure 8.7), intuitive use of 
Similar Point Elements was significantly higher (mean=79.98%) than partially 
intuitive (mean=14.17%)(z=8.70, p=<0.001) or not intuitive use 
(mean=2.52%)(z=14.31, p=<0.001). There were low levels of not intuitive use of 
Similar Point Elements, with most of the navigation duration spent navigating either 
intuitively or partially intuitively using these elements. 
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Figure 8.7: Intuitive use of Similar Point Elements while navigating to Flight-defined 
Destinations 
 
There were no significant differences between the AEF groups using Similar 
Navigation Point Elements when navigating to Flight-defined Destinations. 
Navigator-specific Point Elements used while navigating to Flight-defined 
Destinations 
With respect to the use of Navigator-specific Point Elements to Flight-defined 
Destinations (Figure 8.8), participants spent significantly more time intuitively 
navigating (mean=75.45%) than partially (mean=15.13%)(z=12.31, p=<.001) or not-
intuitively navigating (mean=9.42%)(z=11.90, p=<.001). There was no significant 
difference between partially intuitive and not intuitive navigation to Flight-defined 
Destinations.  
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Figure 8.8: Intuitive use of Navigator-specific Point Elements while navigating to 
Flight-defined Destinations 
 
 
With respect to AEF groups, there were no significant differences for intuitive 
use of Navigator-specific Point Elements when navigating to Flight-defined 
Destinations. This section has examined the use of Location-defined Elements when 
navigating to Flight-defined Destinations. The next section examines the use of 
elements when navigating to Combined-passenger Destinations. 
8.3.2 Combined-passenger Destinations Statistical Analysis 
When navigating to Combined-passenger Destinations, participants had to 
navigate to and through a series of points, including the Security Entrance, to and 
through the Outbound Passenger Card (OPC) preparation area, and the Liquids, 
Aerosols and Gasses (LAGs) preparation area, the entrance to the Security Line, and 
the Security Processing area. (For full statistical results, see Appendix H.) 
Examination of the duration of time spent navigating to Combined-passenger 
Destinations (Figure 8.9), shows that a significantly higher percentage of time was 
spent using the Navigator-specific Point Elements (mean=56.13%) compared to 
Information (Outside-of-Point) Elements (mean=20.62%)(z=7.12, p=<.001), Similar 
Point Elements (12.46%)(z=14.61, p=<.001) or Personal Items 
(mean=10.78%)(z=10.33, p=<.001). Navigating using Information (Outside-of-
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Point) Elements was found to be used for a significantly higher percentage of time  
than Similar Navigation Point Elements (z=2.64, p=<0.042) or Personal Item 
Elements (z=3.21, p=<0.008). 
 
 
Figure 8.9: Location-defined Elements used while navigating to Combined-passenger 
Destinations 
 
Personal Items used while navigating to Combined-passenger Destinations 
When navigating to Combined-passenger Destinations (Figure 8.10), intuitive 
use (mean=50.41%) of Personal Items was significantly higher than not intuitive 
(mean=14.11%)(z=3.09, p=<0.006) or partially intuitive use (mean=8.81%)(z=4.51, 
p=<0.001). There was no significant difference between not intuitive and partially 
intuitive use.  
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Figure 8.10: Intuitive use of Personal Items while navigating to Combined-passenger 
Destinations 
 
When navigating to Combined-passenger Destinations, Medium AEF 
participants spent significantly less time (mean=28.78%) intuitively using Personal 
Items than High AEF participants (mean=82.77%)(z=3.45, p=<0.017). There was no 
significant difference between Low AEF and Medium AEF participants, or Low 
AEF and High AEF participants.  
Information (Outside-of-Point) Elements used while navigating to 
Combined-passenger Destinations 
An examination of how intuitively participants used Information (Outside-of-
Point) when navigating to Combined-passenger Destinations (Figure 8.11), shows no 
significant difference between intuitive (mean=56.10%) and partially intuitive 
(mean=32.22%) navigation. Not intuitive navigation (mean=8.35%)  was 
significantly lower than intuitive (z=5.55, p=<.001) and partially intuitive navigation 
(z=-3.93, p=<0.001). With no significant difference between intuitive and partially 
intuitive use of Information (Outside-of-Point) Elements, this result indicates that 
passengers are just as likely to use Information (Outside-of-Point) partially 
intuitively as they are to use it intuitively.   
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Figure 8.11: Intuitive use of Information (Outside-of-Point) Elements while 
navigating to Combined-passenger Destinations 
 
An examination of how intuitively the AEF groups used Information (Outside-
of-Point) to Combined-passenger Destinations, showed that Low AEF participants 
spent significantly less time (mean=29.71%) using Information (Outside-of-Point) 
intuitively than Medium AEF participants (m=69.31%)(z=-3.22, p=<0.035). Low 
AEF participants spent significantly more time (mean=29.18%) not intuitively using 
Information (Outside-of-Point) than High AEF participants (mean=0%)(z=-3.21, 
p=<0.037). 
Similar Navigation Point Elements used while navigating to Combined-
passenger Destinations 
Examination of the use of Similar Point Elements when navigating to 
Combined-passenger Destinations (Figure 8.12), shows that intuitive use 
(mean=58.53%) was not significantly different to partially intuitive use 
(mean=28.93%), but was significantly higher than not intuitive use 
(mean=12.54%)(z=4.41, p=<0.001). Not intuitive use of Similar Point Elements 
while navigating to Combined-passenger Destinations was greater than their use 
when navigating to Flight-defined Destinations.  
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Figure 8.12: Intuitive use of Similar Point Elements while navigating to Combined-
passenger Destinations 
 
When navigating to Combined-passenger Destinations, Low AEF participants 
used Similar Navigation Point Elements significantly less intuitively (mean=18.26%) 
than Medium AEF (mean=63.14%)(z=-3.27, p=<0.030) and High AEF participants 
(mean=83.19%)(z=5.33 p=<0.001). Low AEF participants (mean=63.05%) spent 
significantly more time partially intuitively using Similar Navigation Point Elements 
than High AEF participants (mean=8.16%)(z=-4.17, p=<0.001). 
Navigator-specific Point Elements used while navigating to Combined-
passenger Destinations 
Examination of how intuitively all participants used Navigator-specific 
Elements navigating to Combined-passenger Destinations (Figure 8.13), shows that 
most of the time was spent intuitively navigating (mean=73.2%)—significantly more 
than partially intuitively (mean=17.27%)(z=7.93, p=<.001) and not intuitively 
(mean=9.21%)(z=9.36, p=<.001). Partially intuitive navigation was found to be 
significantly higher than not intuitive navigation (z=-2.35, p=<.049).  
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Figure 8.13: Intuitive use of Navigator-specific Point Elements while navigating to 
Combined-passenger Destinations 
 
Examination of how AEF groups navigated to Combined-passenger 
Destinations using Navigator-specific Point Elements, shows that Low AEF 
participants (mean=50.95%) spent significantly less time intuitively navigating than 
High AEF participants (mean=88.40%) (z=3.73, p=<0.006). Low AEF participants 
(mean=30.85%) spent significantly more time partially intuitively using Navigator-
specific Point Elements than High AEF participants (mean=9.85%)(z=-3.10, 
p=<0.050). 
8.4 VISUALISING THE NAVIGATION PROCESS 
While the statistical analysis provided the duration and intuitiveness of 
Location-defined Elements, it did not provide the full details of how these elements 
are used. To examine the use of Location-defined Elements in further detail, 
visualisation examples of the navigation process are provided. (See Appendix L for 
visualisations of all Brisbane participants.) 
8.4.1 Navigating to Check-in 
In this research, all participants started their navigation at the check-in area or 
passenger drop off zone, where they could see the check-in desks. This meant that 
they did not first have to navigate to the check-in area. Figure 8.14 provides three 
examples of how participants navigated to the check-in desk.  
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Figure 8.14: Location-defined Elements used when navigating to check-in 
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Example 1 is a visualisation of how most participants (56.7%) used Location-
defined Elements to check-in. The participant (AEF = 16) identified the check-in 
area (Segment A) using Information (Outside-of-Point), Personal Items and Similar 
Point Elements. In Segment B, this participant located the Flight Information Board 
(FIB) (Information [Outside-of-Point]), then switched to looking at paperwork 
(Personal Items) to confirm their flight details, and then switched back to the FIB 
(Information [Outside-of-Point]). Examining the FIB, this participant located their 
flight and then acquired the check-in row number associated with the check-in desk. 
In Segment C, this participant then switched to looking at the row numbers of check-
in desks (Similar Point Elements), eliminating other check-in row numbers that did 
not match the number, and using the layout to locate the specific check-in desk. 
Segment D shows how this participant located the specific check-in desk (the 
destination) using the row number and continued towards it, examining check-in 
desk elements (Navigator-specific Point Elements). Approaching the check-in 
counter, the participant examined the area to see where to enter, and which counter 
was associated with the seat type (for example, economy or business/first class). 
Some participants (16.7%) did not use the FIB to acquire the row number, as 
shown in Example 2 (Figure 8.14). In Segment E, the participant (AEF = 29) looked 
around and confirmed this was the check-in area by looking at other check-in desks 
(Similar Point Elements) and directional signage (Information [Outside-of-Point]). 
After identifying that this was the check-in area, in Segment F, the participant 
attempted to locate the check-in counter primarily by looking at similar elements 
(other check-in counters). In this example, the participant looked at Information 
(Outside-of-Point) along the way, but did not acquire the row number, or use row 
numbers to locate the correct check-in desk. In Segment G, the participant eventually 
located the specific check-in desk using Navigator-specific Point Elements, including 
the airline sign, screens above the check-in desk, the check-in desk and the rope line-
up. 
Some participants (20%), tried to located the check-in desk, as for Example 2, 
but encountered difficulty. These participants then located the FIB and switched to 
navigating as in Example 1, locating the specific check-in desk using the row 
number. 
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In contrast to the previous examples, the participants with the two highest AEF 
scores (6.7%) were found to navigate differently. In Example 3 (Segment H), the 
participant (AEF = 65) used familiarity with the airport to identify where to go. The 
participant examined Navigator-specific Point Elements (the check-in counter 
associated with an airline), locating where the check-in counter was before using 
other important elements. Then, in Segment I,  while navigating towards the check-in 
desk, the participant checked the FIB to confirm the flight information. In Segment J, 
the participant then returned to navigating to the check-in desk. In this example, the 
navigator did not need to use Information (Outside-of-Point) Elements to initially 
locate the correct check-in desk, nor did they need to use either Personal Items or 
Similar Points Elements.  
8.4.2 Navigating to the Boarding Gate 
For most participants (86.66%), navigating to the boarding gate consisted of 5 
stages, as shown in Figure 8.15. In Segment K, after exiting customs and entering 
into airside, this participant (AEF = 36) orientated by scanning the area and then 
began navigating. In Segment L, the participant then located a FIB (Information 
[Outside-of-Point]) and checked the flight status, acquiring a gate number. With the 
gate number acquired, they (Segment M) then navigated the terminal towards the 
boarding gate area. Arriving at the boarding gate area (Segment N), they used both 
other boarding gates (Similar Points) and directional signage (Information [Outside-
of-Point]) to assist in locating the specific boarding gate. Once the correct boarding 
gate was located using Navigator-specific Point Elements (Segment O), including the 
row number, airline sign and airplane, the navigator continued to the boarding gate, 
examining a range of boarding gate elements. 
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Figure 8.15: Example of Location-defined Elements used navigating to the boarding 
gate 
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8.4.3 Navigating to and through Combined-passenger Destinations 
Examination of the visualisation of navigation to Combined-passenger 
Destination (Figure 8.16), shows less obvious or common patterns compared to the 
Flight-defined Destinations. The visualisation shows sequences where the Navigator-
specific Point Elements were used. This is because there are a series of required 
points for passengers to navigate to and through. 
In Figure 8.16, a participant (AEF = 25) navigated to and through security 
processing. In Segment P, they looked around after having completed check-in and 
checked their paperwork (Personal Item). Then, in Segment Q, they located the next 
destination, the Security Entrance (Navigator-specific Point Elements). After 
entering the Security area, in Segment R, the participant continued navigating to the 
area of the destination. Then, in Segment S, they continued through the Security area, 
checking their paperwork (Personal Item) on the way. In Segment T, they sighted 
and examined the LAGs preparation area (Similar Point Elements), then 
identified/located the OPC preparation bench (Navigator-specific Point Elements). 
They then navigated to their destination, checking their paperwork (Personal Items) 
on the way. 
In Segment U, after completing the Outbound Passenger Card, the participant 
tried to identify where to navigate next by looking at directional signage 
(Information [Outside-of-Point]), paperwork (Personal Item Elements), before 
sighting the next destination, the Security Line Entry (Navigator-specific Point 
Elements) and the LAGs preparation area (Similar Point Elements). In Section V, 
they navigated to the Security Line Entrance, examining the destination (Navigator-
specific Point Elements) and paperwork (Personal Item Element). Then, in Segment 
W, after passing through the Security Line Entry, the participant followed the path 
towards the next destination, the Security Processing area. In this example, the 
participant observed other Security Processing Points (Similar Point Elements). 
Then, in Segment X, the participant examined signage (Information [Outside of 
Point]) and their paperwork (Personal Item) en route to the destination. Then, in 
Segment Y, they sighted the destination, the specific Security Processing Point 
(Navigator-specific Point Elements). After locating the destination, the participant 
continued towards it, examining both Information (Outside-of-Point), Personal Item 
Elements and Navigator-specific Point Elements. 
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Figure 8.16: Example of Location-defined elements to Combined-passenger 
Destinations 
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The visualisations of navigation to check-in (Figure 8.14), to and through 
security (Figure 8.16) and to the boarding gate (Figure 8.15), provide new insight 
into how passengers navigate, and indicate that navigation to a destination is not 
always straightforward. An example of this is the Low AEF participants who had 
periods of Search when navigating to check-in (Section 7.2). Navigating to and 
through security processing is another good example of this, with passengers 
required to locate the Security Entrance, and to then choose which of three areas 
(OPC area, LAGs Preparation area and the Security Line Entrance) to navigate to, 
and in what order to do so. After navigating this process, passengers then navigate to 
the security processing area. At a very broad level, all of these points to navigate are 
incorporated into navigating to and through security screening; however, this 
description does not capture the complexity of this airport.  
Some participants were observed to experience difficulty after passing through 
the Security Entrance. Passengers are presented with 3 potential destinations to 
navigate to: (i) the OPC area; (ii) the LAGs preparation area; and (iii) the Security 
Line Entry point. While some participants had no difficulty deciding where to go, 
others were uncertain. Additionally, some participants confused the LAGs 
preparation bench with the Security Screening area. In this area, there was little 
signage to indicate what to do or where to go. Thus, participants used a number of 
elements to determine what the process was, and the destinations to navigate to. 
8.4.4 General Observations 
Navigators were found to switch between elements as they navigated towards a 
destination. At a broad level, Low AEF participants tended to switch between 
elements more frequently, whereas High AEF  participants tended to switch less. For 
example, a High AEF participant navigating to the check-in counter might look at 
paperwork (Personal Item), at Information (Outside-of-Point), at Similar Points, and 
then look at the Navigator-specific Point Elements. A Low AEF participant, on the 
other hand, not sure of what to do or where to go, would look at a range of elements; 
for example, at multiple Similar Points, at Information (Outside-of-Point), at 
Personal Items, back to Information (Outside-of-Point), at Personal Items, Similar 
Points, then, finally, the Navigator-specific Point. Moving towards the Destination, 
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Low AEF participants would often check Information (Outside-of-Point) and 
Personal Items.  
This section has presented results relating to how participants used Location-
defined Elements to navigate to two types of destinations: Flight-defined 
Destinations (to check-in and to the boarding gate) and Combined-passenger 
Destinations (to and through security processing). The following section discusses 
the implications of these results. 
8.5 DISCUSSION 
Successfully completing navigation processing tasks in the airport involves 
navigating to certain destinations, for example, check-in, security processing and the 
boarding gate. The importance of the navigation destination has been identified 
previously, for example by Mollerup (2005), Modak and Patkar (1984) and Fewings 
(2001). In the airport context, passengers need to identify and move to specific 
destinations. Chapter 8 examined the use of four Location-defined Elements that can 
be useful during navigation. Navigator-specific Point, Similar Point, Information 
(Outside-of-Point) and Personal Items were analysed for intuitive use to Flight-
defined and Combined-passenger Destinations. Location-defined Elements were also 
examined for intuitive use by all participants and by AEF groups (Low, Medium and 
High).  
Use of elements 
All four of the Location-defined Elements were found to be useful during 
navigation, though there were differences in how long certain elements were used 
for. The destination in this analysis is made up of Navigator-specific Point Elements. 
When navigating to both Flight-defined and Combined-passenger Destinations, 
Navigator-specific Point Elements were used for large amounts (percentages) of 
time. Arguably, this is not surprising, as passengers would need to look at the point 
to which they are required to navigate. Participants did not simply look at the 
destination and stop actively navigating; rather, they identified their destination and 
often continued to use it (i) to confirm that it was the correct destination to navigate 
to, and (ii) to identify where in the area they needed to navigate to.  
Information (Outside-of-Point) Elements consist of a range of signage elements 
that are located outside of the navigation points. These elements include directional 
  
Chapter 8: Location-defined Elements 152 
signage and Flight Information Boards and are used to gain information on where to 
go and what to do. For example, when navigating to check-in, participants could use 
FIBs to acquire the row number for the check-in desk of the airline they are flying 
with, or the boarding gate of the flight. To Combined-passenger Destinations, 
Information (Outside-of-Point) Elements tend to consist of directional signage. 
Information (Outside-of-Point) Elements were found to be important to navigation, 
sharing the equal highest percentage of elements used to Flight-defined Destinations, 
and the second highest percentage of usage to Combined-passenger Destinations.  
The findings are also in accordance with previous research by Churchill et al. 
(2008), who found that one of the main elements used was signage. However, the 
results in Section 8.3 do not indicate that signage is the main element used, as was 
found by Caves and Pickard (2001). (For further signage-specific analysis, see 
Chapter 9.) 
Information (Outside-of-Point) Elements were found to be used for a larger 
percentage of time while navigating to Flight-defined Destinations than Combined-
passenger Destinations. This could indicate that the use of certain elements might be 
dependent on the type of navigation activity; that is, locating a specific destination 
from a range of other potential options (at check-in and at the boarding gate), or 
navigating a series of points that all passengers will navigate (such as to and through 
security). However, it could also indicate that there are less effective Information 
(Outside-of-Point) Elements for use while navigating to Combined-passenger 
Destinations. 
Both Similar Point Elements and Personal Items had similar duration 
(percentages) of use when navigating to either Flight-defined Destinations or 
Combined-passenger Destinations. While the duration of element usage is useful in 
describing the navigation process, even those elements with lower durations can play 
an important role. For example, Similar Points Elements were used to identify the 
area where the destination was situated, thus eliminating points/locations where the 
destination was not located, and approximating the location of the correct 
destination. The use of Similar Point Elements concurs with Mollerup (2005) 
description of how other elements can be used to assist in the location of a specific 
destination.  
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For both Similar Point and Personal Item Elements, the fixations could be fast 
and last for a short period of time. This is in contrast to Information (Outside-of-
Point) and Navigator-specific Point Elements, which were used for significantly 
longer durations. 
Personal Item Elements were also important for navigation. Participants 
frequently used paperwork (that is, e-tickets and/or boarding passes) for confirming 
their flight information, such as the flight destination, or checking the flight time. 
While most participants had a mobile device, these were not used to check flight 
information but, rather, for checking the current time.  
Similar Point Elements were found to be important for navigating to Flight-
defined Destinations. Participants used this type of element to eliminate other 
potential navigation points, and as a reference to identify where their specific 
navigation point was. In contrast, when navigating to Combined-passenger 
Destinations, Similar Point Elements could potentially cause issues, with the 
participant having to look at a number of potential destinations and decide where to 
go, and in what order.  
This airport might benefit from reducing the number of Similar Navigation 
Points presented to passengers, providing required processing activities in a clearly 
defined, sequential order. For example, rather than having an open area that contains 
the OPC area, the LAGs preparation area, and the Security Line Entrance as possible 
navigation options, the activities could be provided in a linear sequence, and require 
the passenger to complete one activity before proceeding to the next step. For 
example, on the way to security processing, the navigator would move through the 
OPC area, then the LAGs preparation area, then through to the Security Line 
Entrance.  
Intuitive Use of Elements 
Differences were found in how intuitively elements were used when navigating 
to Flight-defined Destinations (for example, check-in) compared to Combined-
passenger Destinations (for example, security). To Flight-defined Destinations, 
Navigator-specific Point and Similar Point Elements were found to have no 
significant differences for intuitive navigation between Low and High AEF 
participants. In contrast, to Combined-passenger Destinations, Navigator-specific 
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Point and Similar Point Elements both had significant differences for intuitive 
navigation between Low and High AEF participants, with Low AEF participants 
navigating less intuitively. This indicates that passengers navigate more or less 
intuitively depending on familiarity with the type of navigation task/destination. 
For intuitive navigation to Flight-defined Destinations, both Navigator-specific 
Point Elements and Similar Point Elements did not have significant differences 
between the AEF groups. In contrast, Information (Outside-of-Point) and Personal 
Item Elements both had significant differences for intuitive navigation between Low 
and either Medium AEF or High AEF participants. Of the four elements, there were 
2 elements, Information (Outside-of-Point) and Personal Items, with significant 
differences between Low and either Medium or High AEF participants. These results 
suggest that for Flight-defined Destinations, the airport would benefit by improving 
Information (Outside-of-Point) Elements and Personal Items to provide intuitive 
navigation for Low AEF passengers. 
For intuitive navigation to Combined-passenger Destinations, Navigator-
specific Point Elements were used for significantly more time than Information 
(Outside-of-Point), Similar Point and Personal Item Elements. This indicates that the 
destination can be very important to navigation, and that laying out a series of 
destinations for the passenger to navigate to, could reduce or minimise the use of 
Similar Point Elements, Information (Outside-of-Point) and Personal Item Elements. 
Low AEF participants were found to use Information (Outside-of-Point) 
Elements significantly less intuitively than High AEF participants for navigation to 
both types of destinations. As Information (Outside-of-Point) Elements are signage, 
this indicates that Low AEF participants might use certain types of signage less 
intuitively than High AEF participants; that is, less intuitive use of signage that is 
outside of Navigator-specific Points or Similar Points. This finding indicates the 
need for airports to provide signage that allows Low AEF participants to intuitively 
navigate within the terminal. (Signage is further examined in Chapter 9.) 
Results for intuitive use of Personal Item Elements are less clear. To Flight-
defined Destinations, Low AEF participants had significantly lower intuitive use of 
the Personal Item Elements than Medium AEF participants. Low AEF participants 
also had significantly higher partially intuitive use than High AEF participants. In 
contrast, when navigating to Combined-passenger Destinations, Medium AEF 
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participants had significantly lower intuitive use of Personal Item Elements than 
High AEF participants. Interestingly there were no significant differences between 
Low AEF and Medium or High AEF participants. 
The differences for Personal Item Elements are less clear than the differences 
for other elements, for which there were significant differences between Low and 
High AEF participants. It is possible to speculate why this is so. The first possible 
reason is that Personal Item Elements are arguably more useful for navigating to 
Flight-defined Destinations than for navigating to Combined-passenger Destinations. 
Flight-defined Destinations require the navigator to locate a destination based on the 
flight, and participants were observed checking the paperwork for the flight details. 
In contrast, when navigating to Combined-passenger Destinations, the information 
on the paperwork is arguably less relevant for the task at hand, as the flight details 
are not necessary for navigating to that type of destination. While results for the use 
of Personal Items to both types of destinations are less clear, these result do indicate 
that intuitive use of this type of element is based on familiarity. 
With a number of significant differences between Low and High AEF 
participants for use of Location-defined Elements, these results provide substantial 
evidence that there is a link between intuitive navigation and familiarity with airport 
terminals. This reinforces the findings given in Chapter 7, which establish the link 
between familiarity and intuitive navigation. 
8.6 SUMMARY 
This chapter has examined the use of Location-defined Elements and intuitive 
navigation. The results indicate that passengers can use a range of Location-defined 
Elements while navigating, with varying levels of intuitive use. Intuitive use of many 
Location-defined Elements is enabled by familiarity with airports and similar 
environments. It is also shown that there are sequences of using or not using certain 
elements, and this can vary between passengers. To provide effective and intuitive 
navigation within airports, this complexity should be addressed. While this chapter 
explored how some signage was used through Information (Outside-of-Point) 
Elements, there are also signage components in Navigator-specific Point and Similar 
Point Elements. In Chapter 9, the use of Signage, Non-signage and Mixed Elements 
is explored.  
  
Chapter 8: Location-defined Elements 156 
  
  
Chapter 9: Signage, Non-signage and Mixed Elements 157 
Chapter 9: Signage, Non-signage and Mixed 
Elements 
There is no straightforward answer to the research question, “What elements 
enable passengers to intuitively navigate an airport terminal?” The previous chapter 
examined the use of elements in relation to the location of the element within the 
airport, the destination, and the navigator (Location-defined Elements).  
Previous research identifies signage as important during navigation (de Barros 
et al., 2007; Jung & Gibson, 2007; Tam & Lam, 2004; Xia et al., 2008). While 
Signage Elements might be important, there are also Non-signage Elements in the 
environment that do not contain signage information that could assist the navigation 
process (J. Gibson, 1979; Norman, 2013; Raubal & Worboys, 1999). Examples of 
Non-signage elements include the check-in desk and the boarding gate doorway. 
Additionally, there can be elements (or combinations of elements) that can be 
classified as Mixed Elements (Signage and Non-signage), for example, an airplane. 
This chapter examines the use of Signage, Non-signage and Mixed Elements and 
how intuitively these elements are used.  
9.1 METHOD 
In Section 8, four Location-defined Elements were analysed using the data 
from Brisbane international. Three of these elements—(i) Navigator-specific Point, 
(ii) Similar Point, and (iii) Information (Outside-of-Point)—can be classified as 
either Signage, Non-signage or Mixed (Signage/Non-signage) (Table 9.1). Examples 
of Signage and Non-signage Elements can be seen in Figure 9.1, and an example of 
Mixed Elements can be seen in Figure 9.2.  
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Table 9.1  
Classification of Signage, Non-signage and Mixed Elements 
 
Location-defined 
Elements 
Destination/ 
Location 
Element located in area of Navigation 
Point 
Signage, Non-signage, 
Mixed or Unclear 
Navigator-specific 
Point Elements, 
Similar Point 
Elements 
Check-in Check-in but difficult to tell specific 
Element 
Unclear 
Check-in Airline Sign Signage 
Check-in Row Number Signage 
Check-in Rope/Line-up Queue Non-signage 
Check-in Screen Signage 
Check-in Desk Non-signage 
Security Entry Security Structure/Arch/Departure Sign Mixed 
Security Atrium/Escalator/Lift Non-signage 
OPC Bench and 
Cards 
OPC Bench and Cards Non-signage 
LAG Bench and 
Trays 
LAGs Bench and Trays Non-signage 
Security Line 
Entrance 
Security Line Entrance/Archway Mixed 
Security Screening Security but difficult to tell specific 
Element 
Unclear 
Security Prep/Bench/Trays/Screening Non-signage 
Boarding Gate Boarding Gate but difficult to tell specific 
Element 
Unclear 
Boarding Gate Row Number Signage 
Boarding Gate Screen Signage 
Boarding Gate Desk or Doorway Non-signage 
Boarding Gate Aerobridge Non-signage 
Boarding Gate Airline Sign Signage 
Boarding Gate Rope/Line-up Queue Non-signage 
Boarding Gate Seating Area Non-signage 
Airplane Mixed 
Information (Outside-
of-Point ) 
Throughout the 
airport 
Flight Information Board Signage 
General Sign Signage 
Map/Information Kiosk Signage 
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Figure 9.1: Example of Signage and Non-signage Elements at check-in 
 
As in the previous analysis, the use of Signage/Non-signage/Mixed Elements 
was then analysed for intuitive, partially intuitive or not intuitive use (Table 9.2). As 
detailed in Chapter 8, there were two types of destinations that participants navigated 
to: (i) Flight-defined Destinations, and (ii) Combined-passenger Destinations. Flight-
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defined Destinations require passengers to navigate to a point defined by the 
flight/airline the passenger is flying with (that is, check-in and the boarding gate). 
Combined-passenger Destinations require passengers to navigate to the same points 
as all other passengers (that is, to and through security processing). 
 
 
Figure 9.2: The entrance to security (a Mixed Element with both Signage and Non-
signage Elements) 
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Table 9.2  
Signage, Non-signage and Mixed Elements Coding Scheme 
 
Element Defined as Sub- 
Classification 
Example 
Signage Containing 
information related 
to airport 
navigation; for 
example, flight 
information, 
written 
instructions, 
diagrams 
Intuitive  Examines the airline sign quickly and confidently, 
identifying that it is the point to navigate to with 
minimal or no verbalisation; for example, looks at 
airline sign and verbalises:“Singapore airlines, that’s 
the one” 
Partially Intuitive Examines the airline sign for longer than intuitive 
example, but still fairly briefly; verbalises and is 
reasonably confident; for example, looks at airline 
sign for a few seconds before verbalising: “Air New 
Zealand internet check-in, think that’s where to go” 
Not intuitive Examines for a significant period of time; not certain 
or does not identify that it is the correct point to 
navigate to; looks at airline sign for a few seconds 
before verbalising: “Qantas premium economy, is 
that where I’m supposed to go? I think I’m economy, 
ummm? 
Non-signage Not containing 
written information 
instructions or 
diagrams 
Intuitive Examines a check-in counter briefly, identifying that 
it is their counter; does so quickly and with minimal 
or no verbalization, for example:“Okay, that’s my 
gate” 
Partially Intuitive Examines a check-in counter for longer than intuitive 
example, but still fairly briefly; verbalises and is 
reasonably confident, for example: “Uh, I think that’s 
where I go to check-in” 
Not intuitive Examines the check-in counter for a significant 
period of time; not certain or does not identify that it 
is not a point that they need to navigate to; for 
example,“Ummm, where do I go next? I’m not sure if 
it is there. Might be I need to go over there?” 
Mixed (Signage and 
Non-signage) 
Areas with 
elements that are 
difficult to 
separate; 
containing both 
written 
information, 
instructions, 
diagrams as well as 
elements that are 
Non-signage (for 
example, a 
doorway or bench) 
Intuitive Examines the doorway with sign above it and 
acquires relevant information quickly, efficiently and 
confidently; minimal or no verbalisation: “I just 
continue through here” 
Partially Intuitive Examines the doorway with sign above it; takes time 
to locate information, or decide how to use 
information and where to navigate to; verbalises 
process: “Uh, so I think I need to pass through over 
there; yeah, I think that’s it” 
Not intuitive Examines the doorway with sign above it; cannot find 
useful information from sign/ takes significant time to 
find information and is unsure if they need to pass 
through the doorway; verbalises process and has little 
confidence: “Ummm, departures? Is this where I go? 
Ummm” 
 
9.2 RESULTS 
These results demonstrate the use of Signage, Non-signage and Mixed 
(Signage and Non-signage) Elements while navigating. First to be examined was the 
use of Signage, Non-signage and Mixed Elements to Flight-defined Destinations 
(Section 9.2.1), then the use of the elements to Combined-passenger Destinations 
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(Section 9.2.2). To statistically examine these results, a linear mixed model, which 
used generalised estimating equations to account for correlation between 
observations within an individual, was applied. Pair-wise tests were carried out based 
on this model, using Tukey-Kramer multiple comparisons. 
9.2.1 Flight-defined destinations 
This section shows the use of Signage/Non-signage/Mixed Elements when 
navigating to Flight-defined Destinations. (For full statistical tables refer to 
Appendix K.) 
Use of Signage, Non-signage and Mixed Elements while navigating to 
Flight-defined Destinations 
When navigating to Flight-defined Destinations (Figure 9.3), participants used 
a significantly higher percentage of time using Signage (mean=56.55%) than Non-
signage (mean=23.90%)(z=-7.67, p=<0.001) or Mixed (Signage and Non-signage) 
Elements (mean=4.51%)(z=-18.42, p=<0.001). This result highlights the importance 
of Signage Elements when navigating to Flight-defined Destinations, where 
participants are required to locate a specific destination from a range of functionally 
similar destinations.  
 
 
Figure 9.3: Signage, Non-signage and Mixed Elements used while navigating to 
Flight-defined Destinations 
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Signage Elements used while navigating to Flight-defined Destinations 
While Signage Elements is an important element used to navigate to Flight-
defined Destinations, there were interesting results with respect to how intuitively it 
was used (Figure 9.4). There were significant differences between intuitive 
(mean=60.63%), partially intuitive (mean=24.01%)(z=5.28, p=<0.001), and not 
intuitive (mean=15.36%)(z=6.17, p=<0.001) use of Signage when navigating to 
Flight-defined Destinations (Figure 9.4). There was also a significant difference 
between partially intuitive and not intuitive use (z=-2.52, p=<0.032). 
 
Figure 9.4: Intuitive use of Signage Elements while navigating to Flight-defined 
Destinations 
 
 
When navigating to Flight-defined Destinations, Low AEF participants spent 
significantly less time (mean=37.82%) intuitively using Signage than High AEF 
participants (mean=79.81%)(z=5.75, p=<0.001). Low AEF participants also spent 
significantly more time (mean=36.05%) partially intuitively using Signage than High 
AEF participants (mean=16.60%)(z=-3.13, p=<0.046). Low AEF participants spent 
significantly more time (mean=26.12%) not intuitively using Signage than High AEF 
participants (mean=3.59%)(z=-3.75, p=<0.006). 
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Non-signage Elements used while navigating to Flight-defined Destinations 
While navigating to Flight-defined Destinations (Figure 9.5), passengers were 
found to use Non-signage Elements significantly more intuitively (mean=79.55%) 
than partially intuitively (mean=13.89%)(z= 7.62, p=<0.001) or not-intuitively 
(mean=6.56%)(z=8.02, p=<0.001). There was no significant difference between 
partially intuitive and not iintuitive navigation. Between the AEF groups there was 
no significant differences for intuitive, partially intuitive or not intuitive navigation 
when using Non-signage and navigating to Flight-defined Destinations. 
 
Figure 9.5: Intuitive use of Non-signage while navigating to Flight-defined 
Destinations 
Mixed Elements used while navigating to Flight-defined Destinations 
Participants who used Mixed (Signage and Non-signage) Elements when 
navigating to Flight-defined Destinations (Figure 9.6) did so significantly more 
intuitively (mean=70.09%) than partially intuitively (mean=4.31%)(z=7.62, 
p=<0.001) or not intuitively (mean=2.27%)(z=8.02, p=<0.001). There was no 
significant difference between partially intuitive and not intuitive navigation. There 
were no significant differences between the AEF groups for intuitive use of Mixed 
Elements when navigating to Flight-defined Destinations. 
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Figure 9.6: Intuitive use of Mixed Elements while navigating to Flight-defined 
Destinations 
 
9.2.2 Combined-passenger Destinations 
This section shows the use of Signage/Non-signage/Mixed Elements used 
when navigating to Combined-passenger Destinations. First, the duration of use of 
elements is explored, followed by results for intuitive use of each element. (For full 
results see Appendix K.) 
Use of Signage, Non-signage and Mixed Elements while navigating to 
Combined-passenger Destinations 
For participants navigating to Combined-passenger Destinations (Figure 9.7), 
the percentage of time spent using Non-signage Elements (mean=38.14%) was 
significantly higher than Signage (mean=20.62%)(z=3.90, p=<0.001), but not 
significantly different to Mixed Elements (mean=30.45%). Use of Mixed was also 
not significantly different to Signage Elements. 
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Figure 9.7: Elements Used while navigating to Combined-passenger Destinations 
 
Signage Elements used while navigating to Combined-passenger 
Destinations 
For navigation to Combined-passenger Destinations and use of Signage (Figure 
9.8), there was no significance difference for intuitive (mean=56.10%) and partially 
intuitive navigation (mean=32.22%). There were significant differences between 
intuitive and not intuitive (mean=8.35%)(z=5.55, p=<0.001), and partially intuitive 
and not intuitive navigation (z=-3.93, p=<0.001) to Combined-passenger 
Destinations. 
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Figure 9.8: Intuitive use of Signage Elements while navigating to Combined-
passenger Destinations 
 
  
Low AEF participants spent significantly less time (mean=29.71%) intuitively 
using signage when navigating to Combined-passenger Destinations than Medium 
AEF participants (mean=69.31%)(z=-3.22, p=<0.035). Low AEF participants 
(mean=29.18%) spent a significantly greater percentage of time not intuitively using 
Signage than High AEF participants (mean=<0.00%)(z=-3.21, p=<0.037).  
Non-signage Elements used while navigating to Combined-passenger 
Destinations 
For navigation to Combined-passenger Destinations using Non-signage 
Elements (Figure 9.9), there were significant differences between intuitive 
(mean=73.29%), partially intuitive (mean=18.78%)(z=6.83, p=<0.001), and not 
intuitive navigation (mean=7.94%)(z=9.98, p=<0.001). There was also a significant 
difference between partially intuitive and not intuitive navigation. 
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Figure 9.9: Intuitive use of Non-signage Elements to Combined-passenger 
Destinations 
 
When navigating to Combined-passenger Destinations, Low AEF participants 
spent significantly less time (mean=48.37%) intuitively using Non-signage Elements 
than High AEF participants (mean=88.34%)(z=3.97, p=<0.003). Low AEF 
participants spent significantly more time (mean=35.91%)  partially intuitively using 
Non-signage Elements than did High AEF participants (mean=6.66%)(z=-3.86, 
p=<0.004). 
Mixed Elements used while navigating to Combined-passenger 
Destinations 
When navigating to Combined-passenger Destinations using Mixed Elements 
(Figure 9.10), passengers’ use of  intuitive navigation was significantly higher 
(mean=65.66%) than their use of partially (mean=22.22%)(z=4.61, p=<0.001) or not 
intuitive (mean=12.12%)(z=6.11, p=<0.001) navigation. There was no significant 
difference between partially intuitive and not intuitive navigation. 
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Figure 9.10: Intuitive use of Mixed Elements to Combined-passenger Destinations 
 
 
Low AEF participants spent significantly less time (mean=36.84%) intuitively 
using Mixed Elements than High AEF participants (mean=84.59%)(z=3.83, 
p=<0.005) when navigating to Combined-passenger Destinations.  
9.3 DISCUSSION 
This chapter has explored the use of Signage, Non-signage and Mixed (Signage 
and Non-signage) Elements and their intuitive use. Signage Elements were an 
important element used during navigation—a finding that supports the findings of a 
number of researchers, including de Barros et al. (2007); Jung and Gibson (2007); 
Tam and Lam (2004); Xia et al. (2008). Passengers used Signage Elements to gain 
information from FIBs and general airport signage. In addition, Signage Elements 
(for example, airline signs) was used to locate destinations such as the check-in desk 
and boarding gates.  
Non-signage Elements—for example, check-in desks, boarding gate doorways 
and aerobridges—was also found to be useful during navigation. While Signage 
Elements had previously been identified as one of the main elements used for 
navigation within airports (Churchill et al., 2008; Tam & Lam, 2004), the results 
given above also highlight the importance of Non-signage Elements.  
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Mixed Elements—for example, doorways with signage and airplanes (that is, 
the physical structure of the airplane and its signage)—were also used during the 
navigation process. It is important to consider that these categories highlight how, 
when navigating, passengers can use a combination of both Signage and Non-
signage Elements. 
When navigating to Flight-defined Destinations, participants spent the highest 
percentage of time examining Signage Elements. When navigating to Combined-
passenger Destinations, however, they used Non-signage Elements significantly 
more than Signage Elements. This supports the argument that Signage Elements are 
the most important element for navigation (Churchill et al., 2008; Tam & Lam, 
2004). However, this argument is not supported by the findings for navigation to 
Combined-passenger Destinations, where Signage Elements was not the most used 
element. These findings, along with those reported in Chapter 8, highlight that 
different elements can be used when navigating to different types of destinations.  
The results indicate that Signage is potentially of greater importance to Flight-
defined Destinations than to Combined-passenger Destinations, where Non-signage 
Elements are potentially of greater importance. This is due to the navigation 
requirements for the different destinations. To Flight-defined Destinations, the 
navigation task is to locate a specific point out of many similar points; for example, 
the correct check-in row from many other check-in rows, or the correct boarding gate 
from many other boarding gates. This requires differentiation which can be achieved 
through the use of row/gates numbers and airline signage.  
In contrast, for Combined-passenger Destinations, there are fewer similar 
navigation points, and all passengers have to navigate to the same points. Rather than 
having to rely on Signage Elements to locate the destination, the navigator can look 
for the actual processing activity, for example, where other passengers are located 
and seen to be undertaking the activity. Potentially, the layout of Combined-
passenger Destinations could be simplified with a linear process of sequential 
navigation points. This finding has significant implications for the design and 
installation of airport wayfinding. 
For participants navigating to Flight-defined Destinations, the use of Mixed 
Elements was lower than the use of Non-signage and Signage Elements. These 
results indicate that Non-signage and Mixed Elements are particularly important for 
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navigating to Combined-passenger Destinations. This again relates to the type of 
navigation activity, where navigation to Flight-defined Destinations required limited 
use of Mixed Elements; for navigation to Combined-passenger Destinations, 
however, the use of Mixed Elements was not significantly different to the use of 
Non-signage Elements.  
When navigating to both Flight-defined and Combined-passenger Destinations, 
Low AEF participants used Signage Elements significantly less intuitively than High 
AEF participants. This finding is also similar to one reported earlier (Chapter 8), 
where usage of Information (Outside-of-Point), which consists only of Signage 
Elements, was found to be significantly different for Low and High AEF 
participants. This indicates that one way to improve intuitive navigation is to provide 
Signage Elements that are more intuitive for Low AEF participants. Potentially, 
airports need to ensure that the information provided meets the criteria Mollerup 
(2005) identifies: (i) signage should have target value (that is, be easily located in the 
environment); and (ii) signage should be easily legible to ensure information can be 
easily acquired. By providing Signage Elements that are easily located in the 
environment, the amount of time participants spend searching (Section 7.4) could be 
reduced. Ensuring that Signage Elements are legible and information is easily 
acquired, can also enable intuitive use. 
There were no significant differences in intuitive navigation among AEF 
groups for Non-signage Elements when navigating to Flight-defined Destinations. 
There were also no significant differences in intuitive navigation among AEF groups 
for Mixed Elements when navigating to Flight-defined Destinations. This result is 
particularly interesting as it indicates that Low AEF participants can use elements 
with similar levels of intuitive use as High AEF participants, despite the difference in 
familiarity with the environment. The result contrasts to the use of Signage Elements 
to Flight-defined Destinations, where Low AEF participants had lower intuitive use 
of Signage Elements than High AEF participants.  
In navigating to Combined-passenger Destinations, Low AEF participants used 
Non-signage Elements significantly less intuitively than High AEF participants. 
Mixed Elements (Signage and Non-signage) were also used significantly less 
intuitively by Low AEF participants compared to High AEF participants.  
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These results indicate that for navigation to Combined-passenger Destinations, 
there is an opportunity to improve intuitive navigation for Low AEF passengers by 
improving the interaction with all three types of elements (Signage, Non-signage and 
Mixed Elements). For navigation to Combined-passenger Destinations, these results 
indicate a high percentage of Mixed Elements used, for example, doorways with 
signs above them. Therefore, it is important to ensure that the Signage and Non-
signage Elements within Mixed Elements are grouped effectively to create Mixed 
Elements. This is particularly necessary for Combined-passenger Destinations, where 
there are a number of doorways and signs that passengers need to identify and 
navigate to and through. 
9.4 SUMMARY 
This chapter has discussed how passengers navigate using Signage, Non-
signage and Mixed Elements while navigating to Flight-defined Destinations and 
Combined-passenger Destinations. There were significant differences between Low 
and High AEF participants while navigating to both types of destinations. When 
navigating to Flight-defined Destinations, participants showed differences in intuitive 
use of Signage Elements. For Combined-passenger Destinations, they showed 
significant differences for all three types: Signage, Non-signage and Mixed 
Elements.  
The results indicate that passengers are likely to use a range of Signage, Non-
signage and Mixed Elements while navigating the airport. They also indicate that 
elements are used intuitively to varying levels, and that Low AEF passengers use 
elements less intuitively, particularly Signage Elements. These findings, combined 
with the findings from Chapters 7 and 8, highlight that familiarity of the process and 
environment can be important to enabling intuitive navigation within airports. The 
next chapter discusses the implications of these findings, for both airports and 
navigation in general. 
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Chapter 10: Discussion 
This research examined intuitive navigation to destinations and intuitive use of 
key elements in the process. Little previous research has provided an in-depth 
examination of people’s navigation of airport terminals. Existing knowledge was 
limited to the fact that destination visibility was useful in airports, that signage 
elements appeared important (de Barros et al., 2007; Jung & Gibson, 2007; Tam & 
Lam, 2004; Xia et al., 2008); and that landmarks were important for navigation 
(Allen, 2000; Jung & Gibson, 2007; Lynch, 1960; Sorrows & Hirtle, 1999; Xia et al., 
2008). Despite this knowledge, passengers can still experience difficulty when 
navigating airports (Correia & Wirasinghe, 2008; Fewings, 2001; Tam & Lam, 
2004).  
With projected increases in the number of passengers flying, and increases in 
the number of flights (Bureau of Infrastructure, 2010; Bureau of Transportation 
Statistics, 2012; Mather, 2012), airports face a number of logistical challenges. In 
particular, they will need to ensure that passenger can easily and efficiently navigate 
the terminal and be at the correct boarding gate in time for departing flights. This 
research has identified that intuitive navigation is important in this regard and is 
beneficial for passengers, airlines and airports. 
Chapters 7, 8 and 9 explored how people navigate airport terminals, and 
examined the interaction between the navigator and the airport environment. The 
research questions investigated were: 
• What elements enable passengers to intuitively navigate an airport 
terminal? 
• How does passengers familiarity impact on navigation through an airport? 
The results given in Chapters 7, 8 and 9 indicate that passenger navigation 
within airports is a complex activity, with various elements used, and differences in 
individuals’ intuitive navigation. This research has expanded existing knowledge by: 
- Providing new insight into how passengers navigate  
- Providing new ways of describing the Navigation Interaction 
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- Investigating how intuitive the Navigation Interaction is and why 
- Investigating which elements assist navigation 
- Investigating how intuitively certain elements are used when navigating 
By researching the interaction between the navigator and the environment, and 
the elements used during this interaction, it becomes possible to identify ways to 
facilitate improved passenger navigation. Some of the factors and elements that 
impact on how passengers navigate are discussed in the following sections. The 
implications of the results are discussed under four general topics:  (i) intuitive 
navigation and familiarity; (ii) the Navigation Interaction and its complexity; (iii) the 
elements used in the Navigation Interaction, and (iv) the Navigation Activities 
identified. 
10.1 INTUITIVE NAVIGATION 
This research advances knowledge of intuitive navigation. Results reported in 
Chapters 7, 8 and 9 show that navigators can interact with the environment quickly, 
semi/non-consciously and (for the most part) correctly. This finding reinforces the 
work on intuitive interaction by Blackler (2008) and Blackler et al. (2010). In this 
research, there were also examples of partial or not intuitive navigation, where the 
interactions with the environment were slower, involved conscious processing, 
and/or could be incorrect. This highlights the need for understanding intuitive 
navigation and its enabling factors.  
10.1.1 Familiarity and Intuitive Navigation 
This research has found that familiarity is linked to intuitive navigation within 
airports. This finding is similar to the work of Dogu and Erkip (2000), who identified 
that familiarity is important for navigation, and Hölscher and Brösamle (2007), who 
established that familiarity with the building in question can lead to improved 
navigation performance. With results providing evidence of a link between intuitive 
navigation and familiarity with airports and/or similar environments, the discussion 
now shifts to how intuitively participants used the airport. This research indicates 
that a certain level of familiarity with the airport, similar airports, or similar 
environments, is important to enable intuitive navigation.  
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Chapter 7 provided an examination of the navigation process from check-in 
through to the boarding gate, and identified that AEF is strongly linked to intuitive 
navigation. High AEF participants were found to navigate more intuitively than Low 
AEF participants. This reinforces previous findings that familiarity with the 
environment can improve navigation performance (Dogu & Erkip, 2000; Hölscher & 
Brösamle, 2007; Li & Klippel, 2014). Low AEF participants were found to spend 
more time searching than High AEF participants, as previous research by Rothkopf 
et al. (2007) suggests. Additionally, Low AEF participants spent more time searching 
in an unfocussed manner than High AEF participants. 
Intuitive Navigation in Airports 
At a very basic level, an examination of the duration of navigation shows that 
participants spend most of their time navigating intuitively. Most of the navigation 
time is spent Going/doing between processing activities, which were often done 
intuitively. However, further analysis reveals more detail. For many participants, 
most of the navigation time was spent in the Going/doing state, where they exhibited 
high levels of intuitive use. In contrast, Low AEF participants spent a smaller 
percentage of time in the Going/doing state, and did so less intuitively. They spent a 
significantly greater percentage of time in both the Assessing/acquiring information 
and Search states compared to High AEF participants. Additionally, they spent a 
smaller percentage of time  Assessing/acquiring information intuitively.  
These findings enable one of the research questions—How does familiarity 
impact on intuitive navigation within airport terminals?—to be addressed. In short, 
higher levels of AEF require less time to be spent Searching for and 
Assessing/acquiring information, and a greater percentage of the navigation time to 
be spent intuitively Going/doing. The findings provide strong evidence to support the 
work by Siedel (1982), Passini (1984), and Churchill et al. (2008), who indicate that 
passengers might not be consciously aware of the environment while navigating. 
Additionally, this research builds upon the work of a number of researchers, 
(Blackler, 2008; Blackler et al., 2010; Hurtienne & Blessing, 2007; O'Brien et al., 
2008), who establish the link between intuitive interaction and technological 
familiarity. 
Familiarity with airports or similar environments is linked to higher levels of 
intuitive navigation. This finding supports the argument that familiarity with an 
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environment is important for navigation (Dogu and Erkip ([2000], Hölscher and 
Brösamle [2007], and Xia et al. [2008]). As shown by Peponis et al. (1990), 
participants who had never used the airport were able to use previous experience of 
other airport terminals when navigating. Those who had used the specific airport 
before were also able to use their prior experience while navigating. With increased 
interaction with the environment, a navigator’s cognitive map can become more 
comprehensive and precise (Mollerup, 2005). Previous knowledge of either the 
general processes involved in international flying, or specific knowledge of the 
layout and processes of the airport in question, was useful during the Navigation 
Interaction. 
The High AEF participants (Section 8.4.1) who located the check-in desk 
virtually immediately, are a good example of how familiarity can affect fixation. 
This example provides evidence for the cognitive control model (top-down model), 
where the visual system directs eye fixation to areas of interest (Henderson & 
Brockmole, 2007). This finding indicates the need for airports to consider the 
familiarity that passengers have of their, and similar environment. For example, 
altering the layout or elements used in the airport environment could result in 
passengers with familiarity of the environment trying to fixate on the wrong elements 
or areas, and thus spending less time intuitively navigating. 
These findings on intuitive navigation have a number of other implications for 
airports. The first implication is that they should ensure that the needs of passengers 
with low levels of familiarity are catered for. There is a strong argument for airports 
to enable intuitive navigation for these passengers. Blackler and Hurtienne (2007) 
argue that intuitive interaction can be beneficial in the initial, early, and intermittent 
use of interfaces. This necessity is augmented by the fact that, while flying is 
becoming increasingly common and passengers are flying more frequently, most do 
not fly weekly or even monthly. Indeed, residents in the UK are only projected to 
increase their number of return trips from one to two per year between 2003 and 
2030 (Department of Transport, 2003). Additionally, passengers can encounter 
airports they have never used before, with different organisation and layout of 
processing and other activities. 
Providing intuitive navigation has the potential to reduce the amount of time 
required to navigate between processing destinations, and to potentially improve the 
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passenger experience. Another implication for airports is the challenge associated 
with the need to change or upgrade the terminal. Substantial or constant changes 
might impact the navigation of those with High AEF and cause issues/delays.   
Participants with high levels of familiarity with airports or similar 
environments did not always navigate intuitively. While people can learn while 
navigating through an environment, this learning does not always convert to efficient 
knowledge of particular routes (Peponis et al., 1990). One particular issue is the 
context in which the navigation activity takes place. Stress, anxiety and oppressive 
environments might not be conducive to intuitive thinking (Bastick, 2003), and there 
is evidence that passengers can experience some of these issues within airports 
(Section 7.4.5). Harrison, Popovic, and Kraal (2013) found that passengers often 
have the overarching concern of “Will I make my flight?” This “Boarding Gate 
Fixation” (Cave, Blackler, Popovic, & Kraal, 2014) is important to understand as 
passengers might see processing and discretionary activities as impediments to being 
at the boarding gate on time.  
Gender 
A number of studies found gender differences in navigation (Allen, 2000; 
Lawton, 1994; Prestopnik & Roskos-Ewoldsen, 2000), while other studies found no 
significant differences in this regard (Li & Klippel, 2014; Liben et al., 2010; Liben et 
al., 2008). This current research did not find any differences between the genders. 
This might be due to the airport environment per se, where both genders have to 
complete the same processing tasks. In contrast, for example, different genders can 
use shopping centres and the destinations within them, quite differently (Chebat et 
al., 2008). While this research did not find any differences in navigation between the 
genders, future research could be conducted in other complex navigation settings to 
confirm this result. 
Age 
There is some evidence of a link between age and differences in Navigation 
States (Going/doing, Assessing/acquiring information and Search); however, it is 
rather tenuous. The link, for example, might be linked to familiarity, with some 
participants in the younger (18-30) age group having little prior experience of flying 
internationally and, as a result, having to spend more time searching for information 
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or navigation clues, and Assessing/acquiring information. Older participants perhaps 
have more familiarity with the airport, or other international airports, to draw upon. 
Equally, older participants with no familiarity with flying internationally might 
encounter greater difficulty. While most participants in the 41-67 group were not 
elderly, research by Head and Isom (2010), Barrash (1994), Moffat et al. (2001) and 
Wilkniss et al. (1997) found that elderly adults have greater difficulty learning new 
routes than younger adults.  
There was no evidence of a link between age and intuitive navigation. This is 
in contrast to the work on intuitive interaction with interfaces (Reddy, Blackler, 
Mahar and Popovic (2010) and devices (Lawry, Popovic and Blackler (2010), which 
shows that performance can decline with old age. However, in this research, the 
oldest participant was 67 years, and the average age of the 41-67 age group was only 
47 years. In contrast, in the research by Reddy, Blackler, Mahar and Popovic (2010) 
and Lawry, Popovic and Blackler (2010), participants were in their 70s and 80s. 
Future research should examine elderly participants and their intuitive navigation 
within airports.  
10.2 THE NAVIGATION PROCESS AND COMPLEXITY 
While the link between intuitive navigation and familiarity has been 
established, there are also others factors that emerged in this research. Navigation by 
passengers through airports is a complex interaction. As identified in Section 2.1, 
there are four components that are involved: the navigator, the environment, other 
people and personal items.  
Departing passengers have an overarching processing end goal—to get on the 
appropriate airplane to travel to a chosen destination. To enable this, they must 
complete a series of processing tasks, and might also complete some discretionary 
tasks along the way. To successfully navigate the airport, passengers must navigate 
to and through this series of required processing destinations. Passengers do not have 
to successfully complete one navigation task, but a number of tasks.  
Locating and navigating to the processing tasks was not always easy or 
straightforward; nevertheless, all participants did complete the tasks to arrive at the 
correct boarding gate in time for their flights. Both fear and anxiety can be issues for 
the navigator (Lynch, 1960; Passini, 1996; Pinelo da Silva, 2010) while moving 
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through the environment. Some participants, (in particular, Low AEF participants) 
displayed signs of anxiety or concern through verbalisation of doubt/concern, while 
searching for information in an unfocussed manner and during period of not intuitive 
Assessing/acquiring information (Section 7.4.5).  
In an examination of the navigation process (Chapter 7), it became clear that 
there are differences in the types of activities that passengers navigate to within the 
airport. This research expands on the work of previous researchers—including Kirk, 
Popovic, Kraal and Livingstone (2012), and Tam and Lam (2004)—who identify the 
different activities and locations within airports to which passengers can navigate. To 
analyse the movement of people through an environment, Modak and Patkar (1984) 
describe the terminal as a series of nodes (various facilities) and links (the paths that 
passengers follow between various sightlines). Rather than the term “nodes”, this 
research uses the term “Destinations” to identify the specific points that passengers 
need to navigate to within the airport.  
10.2.1 Complexity of Different Destinations 
This research presents new information of the Navigation Interaction, achieved 
by examining the navigation from check-in to boarding gate. Three navigation tasks 
are identified: (i) to check-in, (ii) to and through the security processes, and (iii) to 
the boarding gate. Navigating to check-in and the boarding gate are identified as 
similar processing tasks, enabling the categorisation of two destination types: Flight-
defined Destinations and Combined-passenger Destinations. Identification of these 
two separate types of navigation tasks is important as it provides a mechanism to 
assist airports in understanding the two distinct sub-processes within the navigation 
process, and the types of elements required for each. 
This research identifies that Flight-defined Destinations and Combined-
passenger Destinations have different navigation requirements. Navigation to Flight-
defined Destinations requires passengers to identify a point out of a range of similar 
navigation points. The results indicate that passengers need information to help them 
to locate the correct destination from a range of very similar options; for example, 
row numbers (Signage) to locate check-in or the boarding gate. Navigation to 
Combined-passenger Destinations has different requirements that can be less about 
identification of the destination from a range of similar options (although that can 
occur), and more about identification and navigation to sequential navigation 
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activities; for example, locating the security processing point by examining the bench 
where people are preparing items for security screening. 
Another example of complexity is navigation to check-in. Many participants 
did not simply navigate straight to the check-in desk; rather, there was a sequence of 
activities necessary to first locate the desk. These included consulting paperwork and 
the area around them; locating and navigating to a FIB; and assessing similar check-
in counters to locate their specific check-in desk. Similar processes also occurred for 
passengers navigating to the boarding gate. In this case, a number of participants 
navigated to retail areas before or after locating their boarding gate.  
Some participants had difficulty determining the correct processing destination 
to navigate to, as was the case in Zhang et al. (2010); for example, locating the 
correct check-in row or entrance to the security screening area. Issues included 
relating signage to the environment, and determining which route to take. Zhang et 
al. (2010) also found that participants had issues with identifying cardinal directions 
within the transportation terminal. In this research, however, participants did not 
appear to have this problem. Issues with identifying the cardinal directions might 
have been minimised within the airport terminal because of the relatively sequential 
order and layout of activities, or because passengers were more familiar with the 
environment. 
Churchill et al. (2008) and Allen (2000) argue that passengers can have greater 
navigation difficulty in more complex settings. Cave et al. (2014) share examples of 
navigating within the security area, where they found that some participants 
experienced issues choosing between similar destinations, such as the OPC bench, 
the LAGs bench, and the Security Line Entry. It was not always clear whether these 
participants needed to navigate to each point or, if so, in what order they needed to 
do so. 
This research indicates that passengers can encounter difficulty navigating to 
both Flight-defined Destinations and Combined-passenger Destinations. When 
navigating to Flight-defined Destinations, passengers require specific knowledge 
about their flight and airline to aid the navigation process; when navigating to 
Combined-passenger Destinations, on the other hand, this information is not as 
useful. On the route to Combined-passenger Destinations, general terms used on 
signage include “Departures” or “Departure this way”. Participants with previous 
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experience of the airport often knew where the Security Entry was, and that it was 
the next processing step to complete after check-in. However, passengers who were 
unfamiliar with the airport could become confused by where to go after check-in; not 
understand the information on the signage; overlook their destination; or look at their 
destination, but not realise that it was where they needed to go. 
Knowledge of the two types of destinations could be useful for designers or 
planners when selecting the layout of processing activities in airports; for example, 
when choosing a Flight-defined Destination or a Combined-passenger Destination. 
The decision might be clear because of the requirements of the processing activity. 
For example, at the boarding gate, passengers need to navigate to different airplanes, 
making this a clear Flight-defined Destination. Deciding whether other processing 
tasks should be Flight-defined Destinations or Combined-passenger Destinations, 
however, might not be so clear. 
Currently, in many international airports, navigation to check-in would be 
categorised as navigation to a Flight-defined Destination; that is, the passenger 
navigates to the check-in desk of the specific airline they are flying with. Potentially, 
this could change in the future, if airports adopt a self-check-in process that is not 
airline-specific. In this case, passengers might navigate to one of many check-in 
points which are not airline-specific. This might have both short and long term 
effects on how effectively passengers navigate. Flight and airline information has 
been found, in this research, to be important in enabling passengers to navigate to 
check-in, as it provides a specific point for passengers to navigate to. Furthermore, 
passengers can experience issues with identifying and locating Combined-passenger 
Destinations, possibly due to differences between what they are looking for or 
expect, and the layout/organisation of elements in the environment. If check-in is not 
distinguished by flight and airline information, then passengers who are familiar with 
using these elements might experience navigation difficulty. Thus, changing the type 
of destination might have benefits, but could also create other challenges for 
passengers, further highlighting the complexity of navigation in airports. 
10.3 ELEMENTS USED DURING NAVIGATION 
Understanding how passengers use various elements is important because, 
through their appropriate design and placement, airports could facilitate more 
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intuitive navigation. Previous research identifies a number of potential reasons for 
navigation difficulty, including building design, internal layout, number of decision 
points, length of the corridors, number of level changes, length of the chosen path 
and signage (Churchill et al., 2008; Fewings, 2001). A number of researchers (Allen, 
2000; Jung & Gibson, 2007; Lynch, 1960; Sorrows & Hirtle, 1999; Xia et al., 2008) 
identify landmarks as important to navigation; however, as Peponis, Zimring and 
Choi (1990) note, landmarks can be hard to define, varying from person to person. 
Additionally, the landmarks people use might vary with increasing time spent in the 
environment. Therefore, it is necessary to categorise elements in a way that is not 
based on landmarks. 
This research examined the key elements used during navigation, and identifies 
two main ways of examining them—either as groups of elements (Location-defined 
Elements), or as Signage, Non-signage and Mixed Elements. This highlights a 
challenge for airport design: not only do individual elements need to be considered, 
for example, an airline sign in a check-in row; they also need to be considered in the 
context of other elements. For example, an airline sign is simply one of the elements 
found in a check-in row. 
10.3.1 Location-defined Elements 
This research supports previous findings by Modak and Patkar (1984) and 
Fewings (2001) that posit that line of sight between destinations can aid the 
navigator. Clear sightlines to the next destination enabled some participants to easily 
sight the next destination and then navigate to it. However, clear sightlines to the 
next destination are not always possible, and other elements are required to assist the 
navigation process. Location-defined Elements, including Information (Outside-of-
Point), Personal Items, and Similar Point Elements could all be useful when the 
passenger does not have line of sight vision to the specific destination.  
Navigator-specific Point Elements were important to both Flight-defined 
Destinations and Combined-passenger Destinations. This is logical in that navigators 
are required to locate and navigate to destinations, and would spend time looking at 
elements at that destination. In contrast, navigating to Flight-defined Destinations, 
Information (Outside-of-Point) had a higher percentage of use than Combined-
passenger Destinations.  
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This research found that paperwork could be used for a number of reasons 
throughout the airport. Accessing the paperwork was often straightforward as the 
participant either had it in their hand, pocket or bag. This paperwork was often used 
to confirm a participant’s flight details, including airline, flight number and boarding 
time. It could also be examined to look for clues or instruction when the participant 
was unsure of what to do or where to go.  
Looking to the future, there are potential design opportunities to address this 
need for information, particularly with the rise of smart personal devices, including 
mobile devices and wearable technology. While many participants were observed to 
have smartphones, none were observed using these to acquire flight information or 
directions. Many did use their device to check the current time. In many ways, these 
are early days in the development of personal mobile devices and applications. Use 
of mobile devices is expected to increase in the future with: 
- Users gaining more experience with these devices 
- Airports and airlines switching from paper-based boarding passes to 
electronic versions 
- Improved applications that provide users with relevant information and 
instructions 
- More accurate passenger location awareness (for example, by using Apple’s 
iBeacon technology) 
Potential technological changes might have a range of design implications for 
airports, as discussed in Section 10.5. 
Both passengers and staff can be important in the navigation process. The use 
of people as information sources could aid the navigation process and reduce the 
time taken to navigate to a destination (Chebat et al., 2008). However, people and 
staff could both aid and impede the navigation process. Future research should 
explore the effect of other passengers and staff in more detail. 
10.3.2 Signage/Non-signage/Mixed Elements 
While there are a number of potential difficulties with Signage Elements, it is 
considered highly important to the navigation process (de Barros et al., 2007; Jung & 
Gibson, 2007; Tam & Lam, 2004; Xia et al., 2008). Passengers have previously 
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identified Signage Elements as one of the main elements that they use to navigate the 
terminal (Churchill et al., 2008). While Caves and Pickard (2001) found that Signage 
was the main element that passengers thought they used, this research indicates that 
passengers can also use Non-signage and Mixed (Signage and Non-signage) 
Elements (Chapter 9). Passengers might be more aware of their use of Signage as it 
was found to be used less intuitively than other elements. Thus, while Signage 
Elements might be important, there are also a number of other elements within the 
airport environment that have not been explored in detail, including Non-signage 
Elements such as desks and doorways.  
Mollerup (2005) argues that effective signage meets two main criteria: (i) it 
should have target value and be identifiable in the environment, so that the navigator 
can locate the sign; and (ii) it should be easily legible, so the navigator can acquire 
information from it (Mollerup, 2005). These criteria were found to be relevant in the 
airport context as participants often encountered difficulty due to signage that failed 
one or both criteria. For example, throughout the airport, there were small FIBs that 
participants walked straight past and did not examine, even though they were looking 
for information.  
Another example is a passenger who tries to locate the check-in desk but does 
not see the FIB. Despite the presence of useful information on this element (for 
example, the row number of the desk), the navigator cannot acquire useful 
information if the element is not seen. This has been previously articulated by Pinelo 
da Silva (2010), and is in line with Mollerup (2005) argument that signs need to 
stand out in the environment to enable their location by the navigator. Thus, ensuring 
that important elements are sighted is an important step in providing effective 
navigation for passengers. 
After the navigator sights an important/useful element, the next step is to 
enable the extraction/acquisition of useful knowledge from that element. In this 
research, this did not always occur, as in the examples of passengers who sighted the 
FIB, but did not locate their flight and/or the row number of the check-in desk for 
their flight (Section 7.4.5).  
Signage Elements were used for a larger percentage of time while navigating to 
Flight-defined Destinations than to Combined-passenger Destinations. Additionally, 
in navigating to Combined-passenger Destinations, Non-signage Elements were 
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found to be used for a significantly larger percentage of time than Signage Elements. 
This indicates that navigating with Signage Elements might be less important/useful 
when navigating to Combined-passenger Destinations. Alternatively, it indicates that 
there is an opportunity to improve Signage Elements for navigation to Combined-
passenger Destinations. 
Intuitive use of elements varied according to the type of navigation destination, 
with a lower percentages of intuitive use of both Location-defined Elements and 
Signage/Non-signage/Mixed Elements to Combined-passenger Destinations. 
However, this research also found that navigators can also use Non-signage Elements 
and Mixed Elements for significant percentages of time. These findings are 
important for airports as they indicate the need to provide a range of suitable 
elements if passengers are to navigate intuitively. Additionally, Signage Elements 
were not always used intuitively. For example, some participants repeatedly looked 
at signs that did not contain useful information for the navigation task at hand. This 
indicates that the mere presence of signage is not enough; it needs to be considered in 
the context of the environment and the specific navigation activity.  
This section has discussed the use of elements during navigation. By 
understanding how Location-defined Elements and Signage/Non-signage 
Elements/Mixed Elements are intuitively used, it is possible for airports to provide 
design that is conducive to passenger navigation. By identifying how elements were 
used at different stages of the navigation process, it was possible to identify common 
navigation activities, and these are discussed in the following section. 
10.4 NAVIGATION ACTIVITIES 
To successfully arrive at the boarding gate, the navigator needs to navigate to 
and through points/destinations within the airport. From the results reported in 
Section 8.4, it is possible to identify five Navigation Activities: 
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(1) Navigation to the area of the destination 
(2) Identification of the area of the destination 
(3) Knowledge procurement 
(4) Elimination/use of similar destinations to locate the destination 
(5) Identification/confirmation of the specific destination 
Each activity involves different interactions. These are now briefly discussed, 
with examples of the elements used in each activity. 
Activity 1: Navigation to the area of the destination. Passengers need to 
navigate the airport before arriving at the area where their destination is located. At 
Brisbane International, for example, when navigating to the boarding gate, 
passengers exit customs and then enter the airside of the terminal. From this location, 
it is not possible to view the boarding gates, so the passenger must move through the 
terminal before being able to view their boarding gate (their specific destination). To 
navigate to their boarding gate, passengers could use one or more elements, such as  
Personal Item Elements or Information (Outside-of-Point), for example directional 
signage. 
Activity 2: Identification of the area of the destination. To navigate an 
airport, passengers might need to identify the area they are in. For example, they 
might need to identify whether they are in the check-in or the boarding gate area. 
While different elements might contribute to identification of areas, including 
pathways or structural elements such as the glass and runways, key elements include 
Similar Point and Information (Outside-of-Point) Elements. For example, passengers 
might use check-in desks to identify that they have entered the check-in area. They 
could also use Navigator-specific Point Elements to identify the area, but not realise 
that this is the specific destination they are required to navigate to. An example of 
this is a passenger on a Qantas flight who sighted the Qantas check-in desk, used the 
element to identify that they were in the check-in area, but did not identify that it was 
the specific check-in desk they needed. 
Activity 3: Knowledge procurement. During the navigation process, 
participants procured specific knowledge related to the navigation task; for example, 
they acquired the check-in row number or boarding gate number from a FIB, or the 
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flight number from their paperwork. Thus, Knowledge procurement can be 
interspersed between Navigation to the area of the destination (Activity 1) and 
Identification of the area of the destination (Activity 2).  
Activity 4: Elimination/use of similar destinations. When navigating to 
Flight-defined Destinations, participants would often use Similar Points to aid in 
locating their destination; for example, using other check-in rows to locate the 
specific check-in row; for example, using check-in rows 8 and 9 to figure out where 
row 10 was. Another example was using other boarding gates to locate their correct 
boarding gate; for example, using boarding gates 76 and 77 to figure out where 
boarding gate 78 was. Within the security area, participants could use other similar 
destinations to assist in identifying the area and their order of activities. 
Activity 5: Identification/confirmation of the specific destination. While 
there was the possibility of each of the previous phases occurring during navigation, 
every participant went through an Identification/confirmation of the specific 
destination phase. In this phase, they would examine Navigator-specific Point 
Elements when navigating to their destination.  
An understanding of these common Navigation Activities, lays a foundation for 
an understanding of differences in Navigation Interactions. The literature provides 
evidence for each of these 5 identified Navigation Activities, as shown in Table 10.1. 
Many participants will undertake all five Navigation Activities while navigating to a 
destination. Some participants used the first three minimally, and transitioned early 
into Navigation Activity 5 (Identification/confirmation of the specific destination). 
While the visualisation of navigating to Combined-passenger Destinations was less 
distinct, there is evidence that these activities also occur. 
Overall, there are some common activities and elements in people’s navigation ( 
Table 10.2). When navigating to a destination, there were 5 potential 
Navigation Activities. By understanding these potential activities, and how elements 
are used in each, effective and intuitive navigation can be facilitated. A framework to 
assist in the design of effective and intuitive navigation is outlined in Chapter 11. 
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Table 10.1  
Evidence of Navigation Activities within the literature 
 
Navigation Activity Activity similar to or described by: 
1. Navigation to the area of the 
destination 
Ellard (2009); Fewings (2001); Modak and Patkar (1984); Mollerup (2005); 
Zhang et al. (2010); Pinelo da Silva (2010) 
2. Identification of the area of 
the destination 
Lynch (1960); Rengel (2003); D. Gibson (2009); Raubal et al. (1997) 
3. Knowledge procurement Beaumont et al. (1984); de Barros et al. (2007); Denis et al. (2001); Jung 
and Gibson (2007); Modak and Patkar (1984); Tam and Lam (2004); Xia et 
al. (2008); Zhang et al. (2010); Gentry (2010); Golledge (1999) 
4. Elimination/use of similar 
destinations to locate the 
destination 
Cave et al. (2014); Mollerup (2005) 
5. Identification/confirmation 
of the specific destination 
Ellard (2009); Fewings (2001); Hölscher et al. (2006); Lynch (1960); 
Modak and Patkar (1984); Mollerup (2005); Rengel (2003); Zhang et al. 
(2010) 
 
Table 10.2  
Navigation Activities and Elements 
 
Potential Navigation Activities 
to Each Point 
Main Location-defined 
Elements Used Example 
1. Navigation to the area of the 
destination 
Information (Outside-of-
Point), Personal Item 
After exiting customs, the passenger passes through 
airside of the terminal on way to the boarding gate  
2. Identification of the area of 
the destination 
Similar, Navigator-
specific Point 
Passenger locates area that contains boarding gates, 
airplanes; sights other boarding gates and planes 
3. Knowledge procurement Information (Outside-of-Point), Personal Item 
Passenger uses FIB to obtain boarding gate number; 
passenger looks at paperwork or personal device 
4. Elimination/use of similar 
destinations to locate the 
destination 
Similar Navigation Point 
Passenger looks at Similar Navigation Point 
Elements, for example, other boarding gates (row 
number, airline, flight info)  
5. Identification/confirmation of 
the specific destination Navigator-specific Point 
Passenger looks at the correct boarding gate (row 
number, passengers, staff, airplane); identifies as 
the point to navigate to; on way to destination, 
checks by looking at a range of Navigator-specific 
Point Elements (including airline sign, airplane, 
aerobridge, doorway, flight information on screen) 
 
  
Chapter 10: Discussion 189 
10.5 IMPLICATIONS FOR AIRPORT DESIGN 
This research has identifies airport navigation as a complex activity, and has 
significant implications for airport planning and design that could improve the 
interaction between the navigator and their environment. These implications are 
discused under five broad themes: (i) familiarity, (ii) complexity, (iii) elements, (iv) 
intuitive navigation and (v) future passenger navigation considerations. 
10.5.1 Familiarity  
Evidence has been provided that links intuitive navigation (Chapter 7) and the 
intuitive use of key elements (Chapters 8 and 9) to familiarity with airport terminals 
and similar environments. There are benefits for airports in providing intuitive 
navigation for as many passengers as possible, particularly for those with little 
familiarity with airport terminals or similar environments. As identified, intuitive 
navigation can affect passengers, airports and airlines. To enable intuitive navigation, 
airports need to consider how passengers navigate the terminal. While this might 
seem an obvious truth, it can be a challenge for airports as there might be no specific 
person or group responsible for this navigation; rather, a number of different groups 
are usually responsible for airport layout and organisation. 
To provide intutive navigation, the design of airports needs to address the issue 
of passenger familiarity. Airports have a range of users, from those with no or little 
familiarity of airports or similar environments, to those who fly often. For designers, 
this requires an understanding of the process the passengers need to complete, and 
the various ways they might interact within the environment during this process. 
Passengers with Low (no or little) familiarity with airports or similar 
enviornments can have different Navigation Interactions than passengers with 
Medium or High familiarity. For example, passengers with no or little familiarity 
might spend more time searching for what to do/where to go, and more time 
acquiring information from various sources (Sections 7.2 and 7.4). Additionally, 
Low AEF passengers use key elements less intuitively while navigating; for 
example, Signage Elements (Sections 9.2.1 and 9.2.2) or Information (Outside-of-
Point) Elements (Sections 8.3.1 and 8.3.2). 
 Airports must ensure that Low AEF passengers are able to find out what to do 
and where to go to complete the required activities. For designers, it is important to 
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understand that airport navigation is not one size fits all. Rather, it is a complex 
activity which requires designing for different Navigation Interactions. For airports 
to provide intuitive navigation, there is a need to attempt to reduce/minimize the 
complexity of the task/processes passengers are required to complete. Additionally, 
there is a need to provide appropriate elements to enable intuitive navigation. 
Airports must consider passengers’ familiarity with airports.  
10.5.2 Complexity 
The findings of this study indicate that airports are complex and that 
passengers can have difficulty navigating them intuitively. To improve navigation, 
airports could reduce their complexity or, alternatively, equip passengers with the 
tools to cope with their complexity. To reduce complexity, airports could reduce the 
number of destinations/processing activities that passengers are required to navigate 
to. This might be difficult, given certain processing requirements. For example, while 
mobile devices might make it possible to remove the need for passengers to check-in 
at a desk and receive a boarding pass, there is still the issue of large luggage that 
requires checking-in. Reducing complexity might also be a challenge in security and 
customs areas, due to regulatory requirements. However, it might be possible to 
reduce the perceived complexity by providing a streamlined process for navigation to 
and through Combined-passenger Destinations, rather than presenting passengers 
with a range of options to navigate to (Section 8.4.3). 
This research shows that passegengers with greater familarity with airport 
terminals or similar environments are able to navigate more intuitively (Chapters 7, 8 
and 9). This indicates that those with greater familiarity are better able to deal with 
the complex nature of the airport. If it is not possible to reduce complexity within the 
terminal, it might be possible to provide tools to assist passengers to provide 
information about what processing tasks to complete and where to navigate to. This 
information could be provided in the form of elements in the enviornment or through 
personal items (for example, mobile devices) the navigator carries. These could be 
selected based on the principles of designing for intuitive interaction, as outlined by 
Blackler (2008) (Section 5.4). For example, elements that have familiar functions, 
locations and appearance across different airports or similar environments (such as 
bus or rail terminals) could be provided. 
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Alternatively, tutorials/summaries about the navigation process the passenger 
is required to complete could be used to improve their knowledge before they arrive 
at the airport. For example, rather than having an inexperienced passenger arriving at 
the airport and having to search for information or their check-in desk, they could 
navigate straight to the desk, as some High AEF participants did. 
10.5.3 Elements 
This research identifies the importance of understanding and providing suitable 
elements to enable intuitive navigation. Furthermore, it identifies that there is a need 
to provide appropriate elements that passengers with varying degrees of familiarity 
can use. Rather than focussing on landmarks or signage alone, it is important for 
airports to provide a range of useful key elements and consider the location and 
relation of the elements to the destination of the navigator (Sections 8.3.1 and 8.3.2), 
and a range of useful Signage, Non-signage and Mixed (Signage and Not Signage) 
Elements (Sections 9.2.1 and 9.2.2).  
By understanding the navigation needs of passengers, airports can also provide 
suitable visual elements for different needs or strategies (for example, the provision 
of both row numbers and prominent airline information on each check-in row). There 
is a need to ensure that elements associated with certain activities are used in 
appropriate areas, and that areas with different activities are differentiated to avoid 
passenger confusion; for example, in security, where passengers were presented with 
multiple destinations (Section 8.4.3). 
10.5.4 Intuitive navigation 
Incorporating intuitive navigation in airport terminal design could result in 
faster and easier passenger navigation. These findings provide evidence that 
passengers who navigate intuitively spend less time searching for visual elements to 
use, and can navigate more quickly to processing points (Sections 7.2 and 7.4). This 
could be highly beneficial as the size of airports continues to grow in response to 
increasing passenger numbers. Additionally, if passengers spend less time 
navigating, they could spend more time in discretionary activities, for example, in 
relaxing or browsing in retail areas. Another benefit of intuitive navigation is the 
potential to minimise delays caused by passengers who arrive late to their departure 
gate. Further, by designing for intuitive navigation, airports can minimise costs 
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associated with providing ineffective navigation aids, adding unnecessary additional 
navigation aids, and/or replacing ineffective navigation elements such as signage. 
Implementing intuitive navigation also requires designing for passengers with 
different navigation priorities, and enabling them to navigate to different points 
quickly and efficiently; for example, by ensuring they can easily find their way to the 
boarding gate after customs, and then return to retail or other discretionary areas. 
10.5.5 Future passenger navigation considerations 
Due to the projected increase in passenger numbers, there will also be a large 
increase in the number of flights from many airports. These two factors will put 
pressure on airports to either expand the terminals and/or to ensure that passengers 
can arrive at the correct gate before the flight. In the future, delayed flights might be 
even more costly and even less desirable, due to the increased number of passengers 
per flight and the increased number of flights. 
There are now additional tools (including mobile devices such as smart phones 
and watches) that could assist navigation; however, these have the potential for 
additional complexity. For now, airports need to ensure that Signage Elements and 
other elements result in successful navigation. Into the future, however, they will 
need not only to consider the design of elements in the environment, but also 
interactions with mobile devices. There are two types of navigation that could occur: 
(i) navigation without using a personal technology device, and (ii) navigation using a 
personal technology device. Airport design will need to understand and provide for 
both types of navigation. In short, to provide high levels of intuitive navigation, 
airports will need to consider the interaction between the navigator, the elements 
present within the airport, other people and potential interactions with personal items, 
including technological devices. 
10.6 SUMMARY  
This chapter has discussed navigation in airport terminals. As previously noted, 
providing fast and efficient navigation is beneficial to passengers, airports and 
airlines. To provide this, the theory of intuitive navigation is useful. While familiarity 
can enable intuitive navigation, passengers can have varying levels of familiarity 
with airports and similar environments. To assist those with Low AEF, there is a 
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need to understand their needs. It is also noted, however, that passengers with High 
AEF did not always navigate 100% intuitively, and could also encounter difficulties. 
Airports can be complex environments with a number of different processing 
activities to navigate to. Similarities between certain activities enabled their 
categorisation as (i) Flight-defined Destinations, and (ii) Combined-passenger 
Destinations. By understanding these two different types of destinations, it is 
possible to understand their potential advantages or disadvantages for the navigation 
process. 
There are many elements within an airport. Two ways of examining key 
elements—(i) Location-defined Elements, and (ii) Signage/Non-signage/Mixed 
Elements—have been discussed in this chapter. By understanding the importance of 
these key elements, it is possible to identify which are required in which location of 
the airport. Additionally, five Navigation Activities were identified, and enable a 
simplified way of understanding what occurs during the Navigation Interaction. The 
following chapter now discusses the Navigation Framework. 
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Chapter 11: Navigation Framework 
11.1 THE NAVIGATION INTERACTION 
From this research and the work of a number of authors—including Lynch 
(1960), Passini (1984), Ellard (2009), Mollerup (2005) and Fewing (2001)—airport 
navigation can be summarised, as given  in Figure 2.1. This summary—termed the 
Navigation Interaction—shows the four important factors that contribute to 
navigation in the airport context: (i) the navigator, (ii) the environment, (iii) other 
people (passengers and staff), and (iv) the personal items that the navigator carries. 
In the following sections, the Navigation Interaction and how its components interact 
is discussed in detail.  
 
Figure 11.1: Interaction between navigator and the environment 
 
When the navigator moves through the airport, there are interactions between 
them and the environment (Figure 11.1). In the airport context, a departing passenger 
has one significant overall goal to complete: to navigate to the correct boarding gate 
in time to board their flight. To achieve this overall goal, the navigator is required to 
complete a series of processing tasks. As previously determined, these processing 
tasks can be categorised as one of two types of destinations (i) Flight-defined 
Destinations or (ii) Combined-passenger Destinations. To reach each destination, 
there are five potential Navigation Activities that might occur and be switched 
between while navigating. This interaction between the navigator and a range of 
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elements in the environment can affect a number of outcomes, including (i) the time 
take to navigate to a destination, (ii) the elements used in the process, (iii) the 
number of elements used, (iv) intuitive navigation, and (v) the type of experience the 
navigator has.  
These outcomes can be used to identify and make changes or improvements to 
the navigation environment. By identifying particular outcomes to be modified (for 
example, reducing the time to navigate to a point), one can examine the stages of the 
Navigation Interaction between the navigator, the environment, other people and 
personal items. By modifying the environment, or providing the navigator with 
information to adjust their knowledge, it is possible to change the outcomes of the 
Navigation Interaction.  
11.2 THE NAVIGATION FRAMEWORK 
In Figure 11.2, the Navigation Framework is presented. It shows the 
Navigation Interaction and the elements that can play a role in navigation, including 
the navigator, the airport environment, other people and personal items with the 
navigator. These elements are now explained in further detail. 
11.2.1 Elements in the Environment 
Within the airport, there are many elements that can be used during navigation. 
To understand these elements, it is necessary to discuss how the airport environment 
can be deconstructed into these elements (Figure 11.2). The airport can be considered 
to consist of districts or domains (Lynch, 1960), for example, the check-in area, 
landside discretionary, security, customs, airside discretionary and the boarding gate 
area. Within each district/domain are groups of elements, with artefacts and activities 
that are specifically located in these areas. For example, within the check-in area are 
check-in desks, signs and advertising. Within the boarding gate area are boarding 
gates, shops and seating areas. These groups of elements are either (i) key elements 
(related or useful to the navigation task at hand), or (ii) are non-key elements (other 
elements that have limited relevance or no relevance to the navigation task at hand). 
Between these groups of elements are spaces. Together, these elements and spaces 
make up the airport environment.  
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Figure 11.2: The Navigation Framework 
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Three types of key elements in the environment related to, or useful to 
navigation have been identified: (i) Navigator-specific Point Elements, (ii) Similar 
Point Elements, and (iii) Information (Outside-of-Point) Elements.  
Within each of these groups of elements are individual elements, for example, 
desks, airline signs, and doorways. Each of these individual elements can contain 
certain components or attributes; for example, an individual element has certain form 
aspects, including size, shape, location, and illumination. Additionally, each element 
can contain written information or diagrams with navigation information, the 
presence of which can define the element as a Signage Element. If navigation 
information (written or diagrammatic) is not present, then the element can be 
considered a Non-signage Element. If there is an element that contains both Signage 
and Non-signage aspects, then it might be considered to be a Mixed (Signage and 
Non-signage) Element. 
11.2.2 The Navigator 
Each navigator has both physical and cognitive abilities which enable him/her 
to acquire information from the environment and to process that information. In turn, 
this processed information can be translated into physical action and movement 
through the environment towards an intended destination. The navigator’s physical 
and cognitive abilities can be broken down into examinable components.  
Physical abilities that are important to navigation include vision, hearing, and 
the physical body (for example, limbs). Variation in these physical abilities can assist 
or hinder effective navigation; for example, a navigator with excellent sight is able to 
examine an important element at a greater distance than a navigator with low vision. 
A navigator also has cognitive abilities (including the ability to process 
information), learning capabilities, possible innate navigation abilities, and 
familiarity with an environment or similar environments. The results in Chapters 7, 8 
and 9 establish that familiarity with airports or similar environments is important to 
enabling intuitive navigation. This familiarity can be broken down into components 
including (i) knowledge of airports, and (ii) knowledge of similar navigation 
activities such as in large railway terminals or ports. An examination of the existing 
knowledge of airports reveals three potentially important familiarity factors: (i) 
familiarity with the particular airport (for example, the specific international airport), 
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(ii) familiarity with similar airports (for example, other international airports), and 
(iii) familiarity with different airports (for example, domestic airports). In each case, 
the navigator might be familiar with the navigation processing tasks to complete. For 
example, they might know that the process for international airports is to check-in, to 
then go through security and customs and, finally, to navigate to the boarding gate. 
The navigator might also have knowledge of the layout of these activities; for 
example, where the check-in area is located/likely to be located, or what the security 
area looks like/might look like. 
 The navigator might also be familiar with passenger-specific information, for 
example, their flight, the airline, or the correct check-in counter. While the navigator 
might arrive at the airport with certain levels of familiarity, these levels might change 
during the navigation process as the navigator becomes more familiar with the 
environment. 
11.2.3 Personal Items 
Within the airport environment, passengers can use elements that they have 
with them, including paperwork or personal devices. These elements can contain 
information or instructions related to the task of navigating the airport, for example, 
flight/airline information about checking-in. With the development of mobile devices 
with internet access, it is now possible to access information or instructions from 
mobile applications or websites provided by airlines or the airport. While, in the 
airport studied in this research, mobile devices were found to have limited navigation 
use (they were only used to check the time), it is likely that usage will increase in the 
future. In addition, there are a number of wearable technologies that will also be used 
during navigation in the future, for example, smart watches that can provide 
notifications at a glance. 
11.2.4 Other People: passengers and staff 
Within the airport, there are other passengers and staff who can be useful to 
navigation. Passengers and staff can help the navigator identify what to do and where 
activities are located (Cave et al., 2014). Passengers and staff can be particularly 
useful when used in conjunction with other elements (Cave et al., 2014). For 
example, the presence of passengers interacting with staff at a check-in counter can 
indicate that the check-in counter is open. Or a number of passengers unpacking 
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items at a bench just prior to security screening can indicate where the navigator 
should prepare. 
While the environmental elements that make up the physical space are 
important for intuitive navigation, the role other passengers and staff play is 
important to consider. Other passengers might do the same activity as the navigator, 
a similar activity, or different or unrelated activity. Staff might be associated with the 
activity to be completed at the destination the navigator is moving to, associated with 
a similar activity, or associated with a different activity. 
11.3 AIRPORT NAVIGATION DESIGN RECOMMENDATIONS 
To assist airports in providing intuitive navigation for passengers, this section 
examines how the Navigation Framework can be used (Section 11.3.1). It then 
presents design recommendations suggested by the framework (Section 11.3.2). 
11.3.1 How the framework can be used by airports 
The framework can be used in airports in three ways: (i) to identify the 
navigation issues that arise, (ii) to understand the navigation issues that arise, and 
(iii) to design and implement navigation changes. 
(i) Identifying the navigation issues that occur 
The framework can be used to examine how passengers (with varying AEF 
levels) navigate the airport, and to identify issues that arise in the process. This could 
include identifying issues with how passengers use different navigation components 
(the environment, other people, and personal items), and the key elements in each 
component (for example, Signage or Non-signage Elements in the environment).  
An airport planner/designer, who might not know what issues currently arise, 
and who would like to understand how passengers navigate, could use the Navigation 
Framework to assist in evaluating the navigation process, by observing passengers 
navigating the terminal. Rather than the planner/designer simply using a survey 
where passengers rate the overall airport experience, the framework can guide them 
in a more detailed and rigorous investigation of the Navigation Interaction. 
(ii) Understanding the navigation issues that arise 
If a navigation issue is identified, the framework can assist airport 
planners/designers to understand why it has arisen. Issues can include: 
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- Lower than desired passenger satisfaction with navigation, or lack of intuitive 
passenger navigation 
- Passengers taking longer to navigate to processing points than required, or 
- Airport authorities wanting a greater understanding of the elements that assist 
navigation, as a basis for effectively investing money/resources into airport 
navigation  
For example, if passengers are having difficulty navigating the airport, or are 
found to be navigating not intuitively, the framework could be used to identify the 
specific components (for example, the airport environment or personal items) or 
specific elements (for example, signage or paperwork) contributing to these issues.  
(iii) Designing and implementing navigation changes 
The framework can subsequently assist airport planners/designers to identify 
design options, and to consider the impact the change might have on passenger 
navigation. The framework can be used to consider: 
- Which type of destination (Flight-defined Destination or Combined-
passenger Destination) is suitable for the processing point 
- Design that enables/assists the 5 Navigation Activities (Section 10.4) 
- The use of navigation components (including the environment, other people 
and personal items) that can assist passengers 
- The use of elements (for example, Location-defined Elements and 
Signage/Non-signage/Mixed Elements) that can assist navigation 
If an airport planner identifies the need to facilitate intuitive navigation for 
Low AEF passengers in the check-in area, the framework can be used to assist in a 
design that enables this. For example, it can first assist in determining whether the 
check-in should be configured as a Flight-defined Destination or a Combined-
passenger Destination. After this determination, the framework can then be used to 
select the navigation components and elements that are needed to assist passengers 
and their navigation activities. 
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11.3.2 General Design Recommendations 
The Navigation Framework can be used to guide designers and decision 
makers on how to design for navigation, and in particular intuitive navigation, in 
airports. Specific recommendations are derived from the Navigation Framework to 
assist in providing this intuitive navigation. These are presented below, with respect 
to the Navigation Interaction, the navigator, the environment and its elements, the 
navigator’s personal items, and other passengers and staff within the airport 
environment.  
The Navigation Interaction 
The study of the Navigation Interaction, delivered a range of outcomes, 
including determination of  the time taken to arrive at navigation points/destinations, 
passengers’ intuitive navigation, and their overall airport experience. To address the 
issues arising from these outcomes, it is recommended  that the Navigation 
Interaction is considered when designing for airports. Specifically, it is 
recommended that: 
- Design facilitates the navigator’s understanding of their clear end goal (that 
is, the need to arrive at the boarding gate on time), and the need to complete 
the processing steps of the navigation process along the way (specifically, to 
complete check-in, security and customs processing) 
- Simple and clear links to navigation points be provided (for example, after 
completing check-in, ensure that passengers can easily locate the entrance to 
security) 
- Design is appropriately selected to suit the specific type of navigation task or 
destination (that is, either Flight-defined Destination or Combined-passenger 
Destination) 
- Design includes the provision of elements that enable the 5 Navigation 
Activities (as identified in Section 10.4). 
There are four elements that need to be considered when designing to improve 
the Navigation Interaction: (i) the navigator, (ii) the environment, (iii) personal 
items with the navigator, and (iv) other passengers or staff within the 
environment. Recommendations with respect to each of these four elements are 
now presented. 
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The navigator 
There is a need to consider the physical and cognitive aspects of different 
navigators to enable their intuitive navigation. It is recommended that designers and 
planners of airports: 
- Provide a suitable environment for navigators with different physical abilities 
(for example, for those with vision, hearing or movement impairment) 
- Understand that passengers have different levels of familiarity (AEF) with the 
airport in question, as well as with other airports or similar environments (for 
example, there is a need to ensure that passengers with no or little AEF can 
navigate intuitively by applying Blackler et al’s [2008] design principles for 
intuitive interaction [Section 5.4])  
- Provide a suitable environment for those with varying cognitive abilities (for 
example, passengers who have poor navigation abilities/skills) 
Considering the environment and elements within the environment 
There is a need to consider the airport environment that passengers navigate. It 
is recommended that: 
- The layout and organisation of districts/domains are reduced in complexity 
and that the confusion between districts/domains is minimised (for example, 
by ensuring that the check-in area can easily be identified and distinguished 
from the security or retail areas) 
- Key elements (for example, Signage Elements) are clear and visible, and that 
non-key elements are minimised (for example, advertising) 
- Groups of elements that can be easily identified and understood are provided 
(for example, by ensuring that Location-defined Elements, such as the check-
in area or boarding gate, are clearly understood in terms of the activities that 
occur at the location, and that Information [Outside-of-Point] is placed in 
appropriate locations to assist navigation to Navigator-specific Point 
Elements and Similar Point Elements) 
- Similar Point Elements assist the identification of an area (for example, 
multiple check-in rows to enable the navigator to identify that this area is the 
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check-in area, and that Similar Point Elements assist the navigator to locate 
their correct destination [that is, their Navigator-specific Point]) 
- Navigator-specific Point Elements assist the navigator to identify and confirm 
the destination 
- Each element (for example desks, doorways, airline signs and Flight 
Information Boards) can be easily identified and understood  
- Appropriate Signage, Non-signage and Mixed (Signage and Non-signage) 
Elements are provided and suitably placed for the appropriate navigation task 
- The components that make up each element, such as size, shape, form, 
material, colour and information assist intuitive navigation (This could again 
be achieved by using Blackler’s [2008] design principles for intuitive 
interaction [Section 5.4]; for example, the use of familiar elements in familiar 
positions across airports)  
Personal items with the navigator 
The navigator can move through the environment with personal items in their 
possession, for example, mobile devices, paperwork and watches. These devices and 
objects can contain information, and facilitate the Navigation Interaction. With 
respect to these personal items, it is recommended that: 
- Suitable information can be accessed from these device to enable their 
owner/navigator’s intuitive navigation in the airport  
Other passengers or staff within the environment 
Other passengers and staff can directly assist navigators and/or provide them 
with navigation clues during the navigation process. Equally, few or no passengers or 
staff in the environment can reduce the opportunities to provide assistance to 
navigators. It is, therefore, recommended that: 
- Attempts are made to ensure that passengers or staff engage in activities 
consistent with the navigator’s required activities (if there are no or few 
passengers or staff present, consideration of other ways of providing 
navigation cues is recommended) 
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11.4 DESIGN RECOMMENDATIONS FOR BEFORE PASSENGER 
ARRIVES AT THE AIRPORT 
This section will provide recommendations to assist intuitive navigation in 
airports, considering how the Navigation Framework and Navigation Activities can 
be used to assist passengers before arriving at the airport (to increase familiarity with 
the airport). Section 11.4 provides recommendations to assist intuitive navigation in 
the airport by providing suitable elements (e.g. Signage and Non-Signage Elements), 
tasks (e.g. to complete check-in these are the tasks to complete) and airport layout 
(e.g in this airport there is check-in followed by security, then customs and then the 
boarding gate area). Below, recommendations are presented for providing 
information to passengers before arriving at the airport. 
11.4.1 Before arriving at the airport 
High AEF passengers, (who regularly use the airport in question, or airports 
with similar elements/tasks/layouts) may not need much information before arriving 
at the airport. Their familiarity with the airport in question, similar airports or 
transportation terminals enables these high familiarity passengers to navigate 
intuitively. However, if the airport changes the elements, tasks and/or layouts present 
in the terminal, then familiarity may be reduced. One way to assist high familiarity 
passengers includes alerting high familiarity passengers before arriving at the airport 
(for recommendations to assist intuitive navigation in the terminal see Section 11.5). 
Passengers with no/little familiarity with airport and/or similar environments 
may benefit from information provided before arriving at the airport. Using the 
Navigation Framework, this information could include information about which 
elements to use (e.g. Signage and Non-signage elements), which tasks the passenger 
is required to complete (e.g. check-in, security, customs and boarding), information 
about the layout of the airport in question (e.g. at this airport check-in is located there 
in relation to the terminal entrance), and passenger specific information (such as the 
airline they are flying with, seat type etc.). This information could be provided 
through various methods, including maps, videos (for example a flythrough of the 
terminal) or virtual reality walkthrough, including via the passengers Personal Items 
such as mobile devices. 
Using the five Navigation Activities (Section 10.4), it is possible to examine 
what sort of specific information could be provided to passengers before arriving at 
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the airport. Using check-in as an example, we will now examine how this 
information could be provided through a video. At the start of this video, passengers 
may be shown an overview of the airport, highlighting the required tasks to 
complete. Then the process of navigating from the entrance of the terminal to check-
in could be shown in detail. To start with, passengers could be shown that 
Information (Outside-of-Point), and Personal Items (e.g. mobile devices/paperwork) 
are useful for navigating to the check-in area. Then, the passenger could be shown 
what the check-in area looks like (using both Similar and Navigator-specific Point 
Elements). Then the passenger could be shown how to procure knowledge of the 
destination, in this case the row number for check-in, using Information (Outside-of-
Point) and Personal Items. The passenger could be shown where the row numbers are 
located on each check-in row to locate the correct check-in row for the flight. This 
process of showing details of each navigation task could then be repeated to show 
how passengers to navigate to and through security screening, customs and to the 
boarding gate. Also, passengers could be shown where to look if they run into 
difficulty, e.g. look at Personal Items (mobile devices/paperwork), or where airport 
staff are located/what the staff uniform looks like. 
11.5 DESIGN RECCOMENDATIONS FOR NAVIGATION IN THE 
AIRPORT 
Presented below are specific recommendations for providing intuitive 
navigation to (ii) Flight-defined destinations and then (iii) Combined-passenger 
Destinations. 
11.5.1 Recommendations for designing Flight-defined destinations 
Flight-defined destinations are those where the passenger is required to 
navigate to a destination dependant on the flight or airline of the passenger. In this 
research, Flight-defined destinations were checking-in and boarding the plane. It 
should be noted that with the rise of self-service technology, many airports may 
switch from check-in being a Flight-defined destination to a Combined-passenger 
destination, where all (or the vast majority – there is often a personal element to 
luxury services) will navigate to any self-service check-in/bag drop point.  
When considering the elements present, and layout of a Flight-defined 
destination, the results highlighted the importance of certain Location-defined 
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elements including Navigator-Specific Points and Information (Outside-of-Point) 
elements. Additionally, the results highlighted the importance of Signage and Non-
Signage elements. While a High AEF passenger may have enough familiarity with 
airports or other similar environments to navigate intuitively, Low AEF passengers 
may struggle to navigate intuitively. Using the Navigation Framework, plus the 
Navigation Activities to discuss and describe design recommendations, an example 
of design recommendations for the boarding gate area is provided below.   
The boarding gate area as an example 
When navigating to the correct airplane for a departing flight, passengers have 
to navigate first to the boarding gate area, and then locate the specific boarding gate. 
To assist the navigator, it is important to consider the environment, Personal Items 
the navigator carries and Other People present. 
At the start, and accessible along the way, passengers should be able to access 
information about the layout of the area, tasks to complete, elements to use and 
specific flight information (including the airline flying with and boarding gate row). 
This information should be accessible through Information (Outside-of-
Point)/Signage Elements in the airport environment, as well as through the 
passengers Personal Items, including mobile devices and paperwork. 
While navigating to the boarding gate area, there is a need to ensure that 
passengers can easily locate and acquire information on the location of the boarding 
gate area. Elements in the environment to assist this include Information (Outside-of-
Point) and Personal Items (e.g. mobile devices/paperwork). When the passenger 
arrives at the boarding gate area, there is a need to ensure that elements enable 
passengers to quickly and easily identify/confirm that this is indeed the boarding gate 
area. This can be achieved by providing suitable Similar and Navigator-specific 
Point elements. As the research findings identified, Signage and Non-Signage 
Elements are important to identify Navigator-specific and Similar Points. 
Then, to procure knowledge to locate the specific boarding gate to navigate to, 
useful elements are Information (Outside-of-Point)/Signage and Personal Items (e.g. 
mobile devices/paperwork). Here the passenger needs to be able to locate flight 
information, including the specific boarding gate row number quickly and easily. 
Additionally, if necessary, the passenger should be able to reconfirm this information 
later on during navigation. 
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To locate the specific boarding gate, the passenger should be able to locate 
either the specific gate number, or locate another boarding gate, and the row number 
on this gate. Then the passenger should easily be able to locate the specific boarding 
gate using the numerical relationship of Similar Navigation Points. This requires 
providing Signage Elements that are easily located in the airport environment, in 
particular to identify the gate numbers, as well as Non-signage elements, including 
elements that define the boarding gate area.  
There is also a need to consider the role of staff and other passengers. Staff that 
can assist the navigation process could be provided along the navigation path. The 
flow of passengers could help provide the navigator with the feeling they are on the 
right track, and other passengers waiting at the boarding gate could help to indicate 
that the flight will be departing shortly. 
Also important to consider is familiarity acquired by navigating to a Flight-
defined destination (e.g. check-in) and then navigating to a subsequent Flight-defined 
Destination (e.g. boarding gate). For passengers, having just completed one 
navigation task, providing similar layouts of destinations, and information such as 
Signage could facilitate intuitive navigation.  
Summary of recommendations for designing Flight-defined Destinations 
1. Start by trying to provide visual sight of the Navigator-specific Point. Ideally 
(though not always possible) it should be clearly visible and identifiable from entry 
into the area. Suitable Non-signage elements are required to assist the passenger to 
identify Navigator-specific and Similar Points. Signage Elements (including airline 
information and row or gate number) are important elements to distinguish between 
the Navigator-specific and Similar Points.  
2. Provide easily locatable Information (Outside-of-Point)/Signage such as 
Flight information boards so that passengers can easily and quickly acquire 
information to assist locating their specific destination. 
3. Ensure a passenger’s specific flight information is easily and quickly 
accessible from the Personal Items they carry, including mobile devices and 
paperwork. Important flight information includes flight time, airline and flight 
destination. Additionally, personalised navigation information could be provided, 
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including directions to the Navigator-specific Point, row/gate number, overview of 
the airport navigation tasks, layout and elements to use. 
11.5.2 Recommendations for designing Combined-passenger Destinations 
When navigating to a Combined-passenger Destination, such as to and through 
security screening (often also customs processing), all (or the majority) of passengers 
are required to navigate to the same destination (not separate destinations based on 
flight details). Provided are recommendations to assist the provision of intuitive 
navigation for Combined-passenger Destinations. 
High AEF passengers have familiarity with airports and similar environments, 
which enables intuitive navigation through Combined-passenger Destinations. 
However, if changes are made to the layout or tasks to be completed, high familiarity 
passengers would benefit from efforts to enable intuitive navigation. Passengers, 
particularly Low AEF passengers, would benefit from knowledge of the elements to 
use, tasks to complete and layout of the airport. 
As per the recommendations for Flight-defined destinations (Section 11.5.1), 
intuitive navigation can be provided by ensuring passengers have knowledge of the 
elements to use, tasks to complete and knowledge of airport layout. (In contrast, 
passenger-specific information (e.g. the airline or flight number) may be of less use 
when navigating to Combined-passenger Destinations). When navigating to and 
through Security screening passengers may not be provided with paperwork with 
navigation information, unlike check-in and boarding where flight information can 
assist the identification of where to go/activity to complete.  
Example of designing to and through Security 
Using the Navigation Framework and Navigation Activities it is possible to 
identify recommendations for the design of Combined-passenger Destinations. This 
example will examine to and through Security Screening.  
Ideally, from the check-in area it would be possible to clearly and easily see the 
entrance to the security area, the next Navigator-specific Point. If this is not possible, 
then Information (Outside-of-Point)/Signage and Personal Items become important 
elements to use to help guide passengers. Ideally, passengers should not need to use 
Personal Items when navigating to Combined-passenger Destinations. 
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After navigating to the entry of security screening, the passenger passes into 
the security area. When navigating through the security area, there is a potential 
benefit to providing clear visual links between tasks. Specifically, provide sequential 
Navigator-specific Points, such as the security entrance, Outbound Passenger Card 
preparation area, LAGs (liquids, aerosols and gasses) preparation area, Security line 
entry and security processing. By presenting each point as a sequential destination, 
confusion over which activity to navigate to would be minimised. This could be 
achieved by providing Navigator-specific Points sequentially, rather than presenting 
multiple options that a passenger could navigate to.  
To identify Navigator-specific Points, Non-signage Elements are an important 
starting point, which are often useful affordances/signifiers for showing what tasks 
occur (such as benches where preparation occurs). Often other passengers and staff 
are present, reinforcing the affordances/signifiers. Additionally, Mixed (Signage and 
Non-Signage) Elements are useful for guiding passengers through the security area, 
an example of this is defining the entry points to security lines with archways that 
incorporate instructions. 
Summary for Combined-passenger Destinations 
1. Start with the Navigator-specific point, ideally making it clear and visible to 
all passengers from the end of the previous task. This can be achieved using Non-
signage and Mixed elements, in particular to help passengers locate the next task to 
navigate to. 
2. Try to provide passengers with clearly defined sequential tasks (e.g. navigate 
to security entry, navigate to outbound passenger card, navigate to security 
screening), while minimising the choices of navigating between Similar Points (e.g. 
navigator is presented with option of navigating to either Outbound Passenger Card 
area, LAGs preparation bench or the Security line entry all at once). 
3. Provide Information (Outside-of-Point)/Signage Elements to assist and 
facilitate identifying tasks to complete, and location of these tasks. 
4. Personal Items should not be as critical to providing intuitive navigation to 
Combined-passenger destinations, however information should still be provided 
through mobile devices/paperwork including the tasks to complete, location of the 
tasks and useful elements. 
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11.6 SUMMARY 
In this chapter, the Navigation Framework was presented and discussed. Using 
this Navigation Framework, airports can identify possible navigation issues,  
understand why they issues have arisen, and design changes to provide more intuitive 
navigation for passengers. Design recommendations were also presented to assist 
airports in providing intuitive navigation in the future. In the following chapter, the 
Navigation Framework is validated using data from a second international airport, 
Melbourne International.  
  
  
Chapter 11: Navigation Framework 212 
  
  
Chapter 12: Navigation Framework Validation (Melbourne International) 213 
Chapter 12: Navigation Framework 
Validation (Melbourne International) 
12.1 VALIDATION OF THE INTERACTION BETWEEN THE 
NAVIGATOR AND THE ENVIRONMENT 
This chapter reports on the validation of the five components of the Navigation 
Interaction. This was completed by validating the Navigation Framework against 
navigation data from another international airport, Melbourne International Airport. 
The core of the Navigation Framework is the Navigation Interaction (Figure 11.1). 
The Navigation Interaction’s five components are: (i) the overarching end goal; (ii) 
points/locations to navigate to/through; (iii) points that can be categorised as a type 
of destination; (iv) Navigation Activities used to proceed to a destination; and (v) 
outcomes from the Navigation Interaction, including, intuitive navigation of airports.  
In Section 12.2, the first three components of the Navigation Interaction are 
validated. Then, in Section 12.3, the use of Location-defined Elements are validated. 
The Navigation Activities are validated in Section 12.4. In Section 12.5.1, one of the 
outcomes, intuitive navigation, is validated. The validation of the complete 
Navigation Interaction process is summarised in Section 12.6. 
It should be noted that the 14 participants who took part in this study worked or 
volunteered at Melbourne International. This was due to the time frame for data 
collection, and difficulty recruiting real participants. While these participants were 
not ideal, the data was still useful for validating the results from Brisbane 
International. As discussed in Section 6.1.5, additional familiarity with international 
departures was factored into each participant’s AEF score. However, these results 
must be taken with reservation, as these participants could have additional familiarity 
with design details of the airport that even seasoned travellers may not be privy to.  
12.2 NAVIGATING INTERNATIONAL AIRPORTS 
Departing passengers at both international airports, had the same overarching 
end goal: to board an airplane to travel to their destination. To achieve this, 
passengers needed to navigate to/through a number of points/locations at both 
airports. Examination of the processing activities in detail reveals differences in the 
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layout of activities between the two airports (Figure 6.2 and Figure 6.3). For 
example, at Brisbane International, the OPC preparation area is located within the 
security area (as shown in Figure 6.2), while at Melbourne International, there are 
two OPC areas, one located before the entrance to security (Figure 6.3), and one 
located after security, but before customs. 
The actual processing activities were mostly the same for the two airports. The 
one exception was the LAGs preparation bench, which was found at Brisbane 
International, but not at Melbourne International. At a broader level, the process at 
the two airports was the same: navigate to check-in; to and through security 
screening; navigate to customs; and navigate to the boarding gate. However, in 
various other international airports, there can be differences in the exact 
points/locations that passengers are required to navigate to, and in the different 
processing activities that they are required to undertake. 
While there can be differences in the points/locations to navigate to in the 
airport context, these can be categorised into two general types of destination: (i) 
Flight-defined Destinations, and (ii) Combined-passenger Destinations. At both 
international airports, check-in and the boarding gate was classified as Flight-defined 
Destinations. These destinations require passengers to locate, and move to a specific 
point, selecting the correct point from a range of similar points. All passengers, on 
the other hand, are required to navigate to, and through, the security destination, 
which was classified as a Combined-passenger Destination. These varying requisites 
validate the categorisation of the navigation points/locations/destinations as either 
Flight-defined Destinations or Combined-passenger Destinations. 
12.3 VALIDATING USE OF ELEMENTS WHEN NAVIGATING TO 
DESTINATIONS 
The validation of elements used while navigating was undertaken in three 
stages: (i) examination of the navigation of all Melbourne International participants 
to determine if any extra codes were required for its analysis (Section 12.3.1); (ii) a 
comparison of visualisations from both Melbourne and Brisbane International 
participants to determine if the codes worked the same way/meant the same thing in 
both contexts (Section 12.3.2); and (iii) examination of examples from Melbourne 
International Airport to determine if Navigation Activities could be used to describe 
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the interactions between the navigator and the airport environment in that 
environment (Section 12.4). 
To validate the Navigation Activities (Section 10.4), it was necessary to 
validate the use of elements, in this case, Location-defined Elements (Chapter 8). For 
this purpose, visualisations from Melbourne International airport data were 
examined.  
Method 
The same coding scheme used for Brisbane International (Section 8.1) was 
used to code Melbourne International participants. Melbourne participants were 
coded for their use of Location-defined Elements: Personal Items, Information 
(Outside-of-Point), Similar Point and Navigator-specific Point Elements. Location-
defined Elements were coded when used to one of two types of destinations: (i) a 
Flight-defined Destination, or (ii) a Combined-passenger Destination. (For further 
information on the methodology, see Section 6.4 for data collection, and Section 6.5 
for the procedure.) 
12.3.1 The use of Location-defined Elements 
Visualisations of all Melbourne participants show similarities for the use of 
Location-defined Elements when navigating to check-in (Figure 12.1); to and 
through security (Appendix M); to the boarding gate (Appendix M); and for Low, 
Medium and High AEF participants. For example, as seen in Figure 12.1, while there 
is variation in the amount of time taken to navigate to check-in and the number of 
Location-defined Elements used, there are similarities in the patterns of element use 
among Low, Medium and High AEF participants. Broadly, the majority of 
Melbourne participants had periods where they used Personal Items and Information 
(Outside-of-Point) Elements to assist with navigation, and then periods where they 
used Similar Point Elements, before finally locating the correct check-in desk using 
Navigator-specific Point Elements. This example highlights how there were 
similarities in the Melbourne participants’ use of Location-defined Elements. 
The visualisations in Figure 12.1 also show how the time taken to navigate to a 
destination can vary among participants. This variation occurs for a range of reasons, 
including different distances to check-in from the point at which passengers enter the 
airport, and the different distances to different check-in desks. This indicates that 
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while it might be useful to know the time taken to navigate to a destination, it might 
not be the best measure of how successful the navigation is. Rather, how intuitively 
the passenger navigates is a more effective way of examining the Navigation 
Interaction. 
 
Figure 12.1: Location-defined Elements used while navigating to check-in by all 
participants at Melbourne International Airport 
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12.3.2 Validating Location-defined Elements 
To show that Location-defined Elements can be used to code navigation across 
different international airports, this section examines the similarities and differences 
between navigation at Melbourne International airport and the navigation process, as 
defined by the framework. To examine the use of Location-defined Elements 
between the two airports, visualisations are provided for (i) navigating to check-in 
(Flight-defined Destination) (Figure 12.2); (ii) navigating to and through security 
(Combined-passenger Destination) (Figure 12.3); and (iii) navigating to the boarding 
gate (Flight-defined Destination) (Figure 12.4). To compare the 
similarities/differences in the use of elements, two examples are provided from each 
airport; these examples indicate element use by a participant with a Low AEF score, 
and a participant with a High AEF score.  
(i) Navigating to Check-in 
Use of Location-defined Elements to check-in at Melbourne International was 
similar to the use of Location-defined Elements at Brisbane International Airport 
(Figure 12.2). Across the examples, a similar pattern can be seen where participants  
used Personal Items, Information (Outside-of-Point), then Similar Point Elements, 
and then Navigator-specific Point Elements. 
 
Figure 12.2: Use of Location-defined Elements to check-in at both international 
airports 
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Figure 12.3: Use of Location-defined Elements to and through security at both 
international airports 
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(ii) To and through Security 
Again, there is a similar pattern for the two international airports (Figure 12.3). 
Navigator-specific Point Elements interspersed with Personal Items and Information 
(Outside-of-Point) Elements, are used throughout. At Melbourne International, few 
participants used Similar Point Elements while navigating to and through security, as 
shown in Figure 12.3. (See Appendix M for information relating to all participants in 
this regard.) At Brisbane International, in contrast, many participants used Similar 
Point Elements, as shown in in Figure 12.3. (See Appendix L for data related to all 
participants.)  
This comparison highlights how the layout of processing activities could 
impact the type of element used. At Melbourne International, the security processing 
activities are laid out in a mostly sequential order, while at Brisbane International, 
passengers are confronted with three locations to navigate to within security (the 
OPC preparation area, the LAGs preparation area, and the entrance to the security 
line). If activities were laid out in sequential order, passengers should not need to 
spend time locating and choosing between three different locations. 
(iii) To the Boarding Gate 
Overall, there were similarities between Melbourne International and Brisbane 
International in the use of Location-defined Elements when navigating to the 
boarding gate (Figure 12.4). Generally, at both airports, after exiting customs, 
participants navigated to the boarding gate, using Personal Items and Information 
(Outside-of-Point). Then, after navigating to the area of the airport where boarding 
gates are located, passengers used Similar Point Elements to assist in locating the 
specific boarding gate for their flight. Passengers then identified/confirmed their 
boarding gate by examining Navigator-specific Point Elements.  
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Figure 12.4: Use of Location-defined Elements used when navigating to the boarding 
gate at both international airports 
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12.4 VALIDATING THE NAVIGATION ACTIVITIES 
As discussed in Sections 10.4 and 11.2, from the Brisbane International data, 
five Navigation Activities are identified: (i) Navigation to the area of the destination, 
(ii) Identification of the area of the destination, (iii) Knowledge procurement, (iv) 
Elimination/use of similar destinations to locate the destination, and (v) 
Identification/confirmation of the specific destination. The identification of these 
activities is useful for understanding the interactions that occur during navigation of 
an international airport. However, they require validation to determine their 
application to other international airports. For this purpose, the Melbourne 
International data was analysed for evidence of the use of the Navigation Activities 
identified at Brisbane International.  
The point of this section is not to directly compare the sequence of Navigation 
Activities that occur at airports, due to differences between individual navigators, 
which can vary in the order and number of different activities used. Rather, the point 
of this section is determine that the same Navigation Activities can be used to 
described the Navigation Interaction across international airports. 
 Three examples (of the navigation of three different participants) are provided 
for validation: (i) navigation to check-in (Figure 12.5); (ii) navigation to security 
(Figure 12.6); and (iii) navigation to the boarding gate (Figure 12.7).  
(i) Check-in Example 
Figure 12.5 is an example of a participant at Melbourne International who 
navigated from the terminal drop off zone to the check-in desk. In Segment A, the 
participant checked their paperwork (Personal Item) and acquired information on 
their specific flight (Navigation Activity: Knowledge procurement). Then, in 
Segment B, they examined check-in desks (Similar Point Elements) and identified 
the check-in area (Navigation Activity: Identification of the area of the destination). 
In Segment C, they used Information (Outside-of-Point), and acquired information 
about the check-in row number to navigate to (Navigation Activity: Knowledge 
procurement). 
In Segment D, the participant looked at other check-in row numbers (Similar 
Point Elements) to assist in locating the specific check-in desk (Navigation Activity: 
Elimination/use of similar destinations to locate the destination). As the specific 
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check-in desk was not in the immediate area (Segment E), they then examined 
Information (Outside-of-Point) Elements to identify where the specific check-in row 
was located (Navigation Activity: Knowledge procurement). The participant then 
navigated in the general direction of their specific check-in row, looking at 
Information (Outside-of-Point) on the way (Navigation Activity: Navigating to the 
area of the destination). In Segment F, they examined other check-in desks (Similar 
Point Elements) to assist in locating the specific check-in row (Navigation Activity: 
Elimination/use of similar destinations to locate the destination).  
 
Figure 12.5: Location-defined Elements used when navigating to check-in at 
Melbourne International 
 
Continuing towards the location of the specific check-in desk, the participant 
looked at Information (Outside-of-Point) Elements (Navigation Activity: Navigating 
to the area of the destination). In Segment H, when nearing the location of the 
specific check-in desk, they examined other check-in desks (Similar Point Elements) 
to locate their specific check-in row (Navigation Activity: Elimination/use of similar 
destinations to locate the destination). Then, in Segment I, the participant located and 
identified the specific check-in row for their flight, examining Navigator-specific 
Point Elements (Navigation Activity: Identification/confirmation of the specific 
destination). 
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(ii) Security Example 
As was the case for Brisbane International (Section 8.4.3), navigating to and 
through security at Melbourne International required participants to navigate to a 
series of destinations. At Melbourne International, after completing check-in, the 
next processing point participants were required to navigate to was the entrance to 
security. However, before (but separate to) the Security Entrance, was an OPC 
preparation area, which some participants located and navigated to, while others did 
not. After navigating the Security Entrance, participants entered a line that led to the 
Security Processing area. 
 
 
Figure 12.6: Location-defined Elements used when navigating to and through 
security at Melbourne International 
 
Figure 12.6 is an example of a participant who, after checking-in, navigated to 
and through security. In Segment A, they used paperwork and Information (Outside-
of-Point) Elements while moving away from the check-in area and towards the 
entrance to Security Screening (Activity: Navigation to the area of the destination). 
In Segment B, they located the entrance of Security Screening by examining the 
Navigator-specific Point (Activity: Identification/confirmation of the specific 
destination). In Segment C, they then examined Information (Outside-of-Point) and 
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paperwork (Personal Items), and acquired knowledge about the flight departure time 
(Activity: Knowledge procurement). In Segment D, they then re-examined the 
entrance to Security Screening (Navigator-specific Point) (Activity: 
Identification/confirmation of the specific destination). Appearing uncertain of 
whether to proceed though the entrance, they then examined the surrounding area 
(Segment E) and located the OPC area (Navigator-specific Point). Having identified 
that this was a destination to navigate to, they navigated to the area (Activity: 
Identification/confirmation of the specific destination). After acquiring the OPC, in 
Segment G, the participant examined and again navigated to the entrance of Security 
(Activity: Identification/confirmation of the specific destination).  
After entering the Security Screening Line, in Segment H, the participant 
examined Navigator-specific Point Elements (Activity: Identification/confirmation of 
the specific destination) while moving through the line towards Security Processing. 
In Segment I, they were told by the security officer which Security Processing row to 
navigate to; however, they examined Similar Point Elements and navigated towards a 
similar security screening point (Activity: Elimination/use of similar destinations to 
locate the destination). The security officer corrected and directed the participant 
towards the specific security processing point. In Segment J, the participant located 
and identified the specific Security Processing row to navigate to (Activity: 
Identification/confirmation of the specific destination). 
(iii) Boarding Gate Example 
Figure 12.7 is an example of a participant who, after exiting the customs area, 
navigated through airside of the airport to the boarding gate. In Segment A, they 
navigated away from the customs area, moving towards the retail area and the 
subsequent boarding gate area (Activity: Navigating to the area of the destination). 
At Melbourne International, passengers navigate the retail area first to reach the 
boarding gates. In Brisbane, on the other hand, it was possible to navigate either 
around or through the retail area.  
In Segment B, the participant used paperwork (Personal Items), and acquired 
information about the flight (Activity: Knowledge procurement). In Segment C, they 
navigated through the retail area and towards the boarding gate area (Activity: 
Navigating to the area of the Destination). In Segment D, the participant used 
Information (Outside-of-Point) while navigating towards the area of the destination 
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(Activity: Navigating to the area of the destination). In Segment E, they located and 
acquired information (the boarding gate number) from a Flight Information Board 
(Information [Outside-of-Point]) (Activity: Knowledge procurement). In Segment F, 
they navigated towards the boarding gate area (Activity: Navigation to the area of the 
destination). In Segment G, they identified the boarding gate area in the distance by 
looking, through the terminal windows, at airplanes located at boarding gates 
(Activity: Identification of the area of the destination). In Segment H, the participant 
navigated to the boarding gate area, looking at Information (Outside-of-Point) 
Elements on the way (Activity: Navigating to the area of the destination).  
 
Figure 12.7: Location-defined Elements used while navigating to the boarding gate at 
Melbourne International 
 
In Segment I, the participant looked at other boarding gates, and boarding gate 
numbers (Similar Point Elements) to assist in locating the Navigator-specific Point 
(Activity: Elimination/use of similar destinations to locate the destination). In 
Segment J, the participant looked at signs (Information [Outside-of-Point] Elements) 
while navigating towards the specific boarding gate (Activity: Navigation to the area 
of the destination). In Segment L, they located and identified the specific boarding 
gate by looking at Navigator-specific Point Elements (Activity: 
Identification/confirmation of the specific destination). Arriving at the correct 
boarding gate, they stopped and waited for their flight. 
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In Section 12.3, two international airports were compared for participants’ use 
of Location-defined Elements when navigating to both Flight-defined Destinations 
(check-in and the boarding gate) and Combined-passenger Destinations (to and 
through security). It was previously found that the use of key navigation elements at 
international airports can be coded using Location-defined Elements. The results 
from this section (12.4) now confirm that Navigation Activities can also be used to 
describe the interaction between the navigator and the environment in this context. 
No additional activities were needed to describe the interactions that occurred during 
navigation, nor were there any redundant activities. By understanding how and when 
Navigation Activities occur during navigation, it is possible to design suitable spaces 
to facilitate these interactions. 
12.5 VALIDATION OF NAVIGATION OUTCOMES 
This study’s exploration of the Navigation Interaction, resulted in new 
knowledge of passengers’ intuitive navigation. This section now uses the data from 
Melbourne International to validate this knowledge of intuitive navigation within 
airports. 
Method 
The data from Melbourne International was coded for time spent in the three 
Navigation States, as per the coding scheme in Section 7.1. (For further information 
on methodology, see Section 6.4 for data collection, and Section 6.5 for procedure.) 
12.5.1 Intuitive Navigation and Navigation States 
The data from Melbourne International airport was examined for (i) the 
percentage of time spent in the three Navigation States, Going/doing, 
Assessing/acquiring information and Search; and (ii) the percentage of time spent in 
intuitive Going/doing, intuitive Assessing/acquiring information, and the percentage 
of time spent in Unfocussed Search. 
Navigation States 
Figure 12.8 indicates that Melbourne International participants with higher 
AEF scores spent more time Going/doing than participants with lower AEF scores. 
This is similar to the finding (reported in Section 7.4.2) that Low AEF participants at 
Brisbane International spent a significantly smaller percentage of time Going/doing 
than either Medium or High AEF participants. 
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Figure 12.8: Percentage of navigation time spent in Going/doing state 
 
 
Figure 12.9: Percentage of navigation time spent in Assessing/acquiring information 
state 
 
Figure 12.9 indicates that Melbourne participants with lower AEF scores spent 
more time in Assessing/acquiring information than participants with higher AEF 
scores. This is similar to the finding (reported in Section 7.4.2) that Low AEF 
participants at Brisbane International spent a significantly greater percentage of time 
in Assessing/acquiring information than either Medium or High AEF participants.  
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Figure 12.10 indicates that participants at Melbourne International with lower 
AEF scores spent more time in the Search state than participants with higher AEF 
scores. This is similar to the finding (reported in Section 7.4.2) that Low AEF 
participants at Brisbane International spent significantly more time in the Search 
state than High AEF participants. 
 
 
Figure 12.10: Percentage of navigation time spent in Search state 
 
The results for the percentage of time spent in different Navigation States 
(Figure 12.8, Figure 12.9, and Figure 12.10) highlight how a passenger’s AEF can 
result in certain navigation experiences. A passenger with higher AEF scores is more 
likely to spend more time Going/doing, less time in Assessing/acquiring information, 
and less time in Search than a passenger with a lower AEF score. 
Intuitive Navigation and Unfocussed Search  
Figure 12.11 indicates that participants at Melbourne International with higher 
AEF scores spent more time intuitively Going/doing than those with lower AEF 
scores. This is similar to the finding (reported in Section 7.4.3) that Low AEF 
participants at Brisbane International spent a significantly lower percentage of time 
intuitively Going/doing than High AEF participants. 
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Figure 12.11: Percentage of Going/doing time spent navigating intuitively 
 
Figure 12.12 indicates that participants with higher AEF scores at Melbourne 
International spend more time in intuitive Assessing/acquiring information than 
participants with lower AEF scores. This is similar to the finding (Section 7.4.3) that 
Low AEF participants at Brisbane were found to spend significantly less time 
navigating intuitively in Assessing/acquiring information than either Medium or 
High AEF participants. 
 
 
Figure 12.12: Percentage of Assessing/acquiring information time spent intuitively 
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Figure 12.13 indicates no apparent difference for Unfocussed Search between 
participants with lower and higher AEF scores at Melbourne. Most participants spent 
the majority of search time in Unfocussed Search. This is different to the finding 
(Section 7.4.3) that Low AEF participants at Brisbane International spent a 
significantly higher percentage of time in Unfocussed Search than High AEF 
participants.  
 
 
Figure 12.13: Percentage of Search time spent in Unfocussed Search  
 
These results indicate similar intuitive navigation trends at Melbourne 
International and Brisbane International (Section 7.3.2). At both airports, participants 
with higher AEF scores spent more time Going/doing, less time in 
Assessing/acquiring information, and less time in Search than participants with lower 
AEF scores.  
Participants with higher AEF scores spent a greater percentage of time 
Going/doing intuitively than participants with lower AEF scores. Participants with 
higher AEF scores spent a greater percentage of time in Assessing/acquiring 
information intuitively than participants with lower AEF scores. This result is similar 
to the results reported in Section 7.4.3. However, in contrast to the results for 
Brisbane International, the results for Unfocussed Search at Melbourne International 
do not indicate clear differences between lower and higher AEF participants. This 
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difference could be associated with the fact that Melbourne International is the 
larger, and arguably more complex airport with more elements across a larger 
environment. Further research across a range of environments of varying size and 
complexity would be beneficial. 
12.6 SUMMARY 
This chapter used data from Melbourne International Airport to validate the 
Navigation Framework. The five components of the Navigation Interaction have 
been validated: (i) the overarching goal (to get on the airplane); (ii) the 
points/locations to navigate to/through; (iii) points that can be categorised as 
particular types of destinations; (iv) the Navigation Activities involved; and (v) 
intuitive navigation. The validation reinforces the finding that passengers need to 
navigate a series of processing activities to achieve their goal of boarding their 
correct flight. The validation also shows that the Navigation Framework can be 
generalised, and is thus applicable to designing for intuitive navigation at other 
international airports.
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Chapter 13: Conclusion 
This innovative and significant research provides new insights into the process 
of enabling simple and efficient passenger navigation of airports. Its outcomes can 
assist airports of the future in dealing with increasing passenger numbers, and with 
limitations on the physical size of airport terminals. Specifically, the research 
establishes the importance of passengers’ intuitive airport navigation. A key finding 
is that intuitive navigation is facilitated by familiarity with airports and similar 
environments. Additionally, it is established that, in order to facilitate intuitive 
navigation, airports need to know how passengers use key elements in the 
environment to enable their navigation.  
The concept of intuitive navigation was adapted from the theory of intuitive 
interaction, which holds that people can use products/systems with semi/non-
conscious, fast and (often) correct interactions. Familiarity with relevant, similar 
products/systems is strongly linked to enabling this intuitive interaction. Applying 
this theory to the airport terminal context, it was hypothesised that passengers with 
higher levels of familiarity with airports or similar environments would spend a 
greater percentage of time intuitively navigating than passengers with lower levels of 
familiarity with airports or similar environments.  
Thus, to examine passengers’ intuitive navigation of airport terminals, the main 
research question was identified: 
• What elements enable passengers to intuitively navigate an airport 
terminal? 
The research also investigated the following sub-question: 
• How does passengers’ familiarity impact on navigation through an airport? 
To examine these research questions, participants were observed navigating an 
international airport terminal in order to catch a departing flight. To capture the 
navigation process, participants wore eye-tracking glasses that video-recorded the 
object/s of their gaze and their specific focus. Participants also talked aloud about 
what they were doing, or trying to do, during the navigation process. This 
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commentary was audio recorded by the eye-tracking glasses. When their navigation 
task was complete, participants completed a post-experiment questionnaire, which 
was used to determine their familiarity with airports and similar environments. Their 
degree of familiarity was labelled as their Airport Environment Familiarity (AEF) 
score.  
Three innovative analyses of the data were completed in order to examine (i) 
the use of intuitive navigation during the navigation process; (ii) the Location-
defined Elements enabling this intuitive navigation; and (iii) the Signage/Non- 
signage/Mixed Elements enabling this intuitive navigation.  
To enable intuitive navigation in airports, it was found that there is a need to 
address the requirements of Low AEF passengers, and to ensure that the environment 
can also enable High AEF passengers to navigate intuitively. Results show that Low 
AEF participants navigated and often used elements less intuitively than High AEF 
participants. There were also differences in the intuitive use of elements used during 
navigation to either Flight-defined Destinations or Combined-passenger 
Destinations. Additionally, five Navigation Activities were identified. This 
identification aids the understanding of the Navigation Interactions that occur 
(Section 10.4). 
Based on the above findings, the Navigation Framework was developed 
(Chapter 11) and validated (Chapter 12). This novel framework will assist airport 
planners/designers to identify and understand navigation issues, and to thus provide 
intuitive navigation for passengers in airports. 
13.1 CONTRIBUTIONS TO KNOWLEDGE AND OUTCOMES 
This research has made significant contributions to knowledge in the field, and 
produced significant outcomes. The specific knowledge contributions, 
methodological contributions, and tangible outcomes/applications are presented 
below. 
13.1.1 Contributions to Knowledge 
1. Advanced knowledge of intuitive navigation and its link to familiarity 
A key contribution of this research is advancement in the knowledge of 
intuitive navigation. Intuitive navigation enables participants to navigate the airport 
  
Chapter 13: Conclusion 235 
environment using fast, semi/non-conscious and (often) correct interactions. The 
research identifies that participants with greater familiarity with airports and similar 
environments are likely to spend more time navigating intuitively than those with 
less familiarity. Previous research has often focused on how airports should use 
signage to assist navigation. With this new contribution to knowledge, designers of 
airport environments should consider using familiar elements, tasks and layouts from 
other airports or similar environments. This new insight can also be used to increase 
familiarity, by increasing a passenger’s familiarity before arriving at the airport, or 
while navigating through the airport. 
2. Identification of new ways of categorising destinations in the airport 
Another innovation is the identification of two types of destinations that a passenger 
can navigate to. The first type is a Flight-defined Destination, where a passenger 
navigates to a destination based on their specific flight. The second is a Combined-
passenger Destination to which all passengers navigate; that is, a destination not 
specific to a particular flight. Identification of these different types of destination is 
important, as the research found differences in the ratios of elements used, and in the 
intuitive use of elements in the Navigation Interaction for each type. Thus, the 
identification of the two different types of destinations will enable the appropriate 
use of elements provided for each destination. 
3. Identification of elements that can be used during navigation 
Another novel contribution is the identification of a range of elements within 
the airport environment that can be used during navigation. This builds on previous 
knowledge that identified the importance of signage and landmarks. Two new ways 
of examining elements within the environment are identified: (i) The use of 
Location-defined Elements (that is, elements defined according to their location in 
the environment), and (ii) Signage, Non-signage or Mixed Elements (that is, 
elements that are Signage, Non-signage, or a combination of Signage and Non- 
signage). Knowledge of these different categories of elements will assist in providing 
appropriate elements in airports to enable intuitive navigation.  
3.1 Use of Location-defined elements used during navigation 
Contributing to knowledge is the identification of Location-defined elements 
(Navigator-specific Point, Similar Point, Information [Outside-of-Point] and Personal 
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Items). Previous research has focussed on the use of signage, whereas Location-
defined elements enable the description of elements based on the relationship to the 
destination. For example, when implementing Location-defined elements to Flight-
defined Destinations, it is important to provide elements that enable the passenger to 
distinguish the Navigator-specific point from a range of Similar Points. To assist this, 
Information (Outside-of-Point) and Personal Items can provide passengers with 
information to locate the Navigator-specific Point from the other Similar Points. 
For the use of Location-defined elements to Combined-passenger Destinations, 
the use of Navigator-specific Points are important. Additionally, there is a benefit to 
minimising Similar Points, to reduce confusion over which destination to navigate to. 
Information (Outside-of-Point) can assist passengers to navigate to Navigator-
specific Points. Passengers should not have to use Personal Items while navigating to 
Combined-passenger Destinations, however they should be able to if they want to.  
3.2 Use of Signage, Non-Signage and Mixed Elements used during 
navigation 
Another contribution to knowledge is how intuitively passengers used  
Signage, Non-signage and Mixed elements differed to different destinations. For the 
use of Signage, Non-signage and Mixed elements to Flight-defined Destinations, 
Signage and Non-signage elements were found to be important. Signage elements are 
useful to assist passengers to locate information about their specific destination (i.e. 
row number/boarding gate). Non-signage elements were useful for the navigator to 
identify the area. 
For the use of Signage, Non-signage and Mixed elements to Combined-
passenger Destinations, Non-signage and Mixed Elements were found to be 
particularly important. Non-signage elements are used by passengers to locate the 
next destination to navigate to. Mixed Elements (where signage and non-signage 
elements are hard to separate) are used by passengers to navigate the next point to 
navigate to and through). Standalone Signage elements may be used less while 
navigating to Combined-passenger Destinations, but still useful to assist passengers 
to provide information on where to go and what to do. 
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13.1.2 Methodological Contributions  
New and innovative methodologies were developed to examine the Navigation 
Interaction, including the use of a combination of eye-tracking technology, 
observation, talk aloud protocol, questionnaires, and coding. While surveys have 
often previously been used (Correia & Wirasinghe, 2008; Tam & Lam, 2004), the 
use of eye-tracking technology and observation of the navigation process provides 
far more detail.  
Another significant methodological contribution is the Airport Environment 
Familiarity questionnaire, which has been developed to identify passengers’ 
familiarity with airports and similar environments. 
These new methods of examining navigation in airports can enable airport 
designers/planers to better identify and understand navigation issues. 
13.1.3 Outcomes 
1. The Navigation Framework 
A new Navigation Framework for understanding navigation, and designing for 
it, is a very important outcome of this research. The framework incorporates specific 
components (the navigator, the environment, other people, and personal items) and 
elements (for example, Signage, Non-signage and Mixed Elements), as well as the 
process/steps involved in the Navigation Interaction. The framework can assist 
airport designers/planners to (i) identify the navigation issues that occur, (ii) 
understanding the navigation issues that arise, and (iii) designing and implementing 
navigation changes.  
2. Identification of five Navigation Activities 
Five Navigation Activities were identified: another important outcome of this 
research. These Navigation Activities can also be used to describe and understand the 
Navigation Interaction. They provide a more detailed way of examining the 
Navigation Interaction than the Navigation States examined in Chapter 7 (that is, 
Going/doing, Assessing/acquiring information and Search), by enabling 
identification of the way in which elements are used during the Navigation 
Interaction. This identification, in turn, can be used to identify ways to improve the 
interaction. 
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13.2 LIMITATIONS 
While this research has examined intuitive navigation within airport terminals, 
there are a number of limitations that could be addressed through further research. 
The research identified, for example, that navigation within airports can be very 
complex, with many variables affecting the interaction between the navigator and the 
environment. While this research examined navigation at two international airports, 
airports of different sizes and/or layouts might produce different results with respect 
to passenger navigation. 
Due to the difficulties in participant recruitment, the dataset had 30 participants 
at Brisbane International and 14 participants at Melbourne International. While the 
number was sufficient for this study, future research would (ideally) have a larger 
number of participants. 
Many participants had some familiarity with the airport in question, and the 
airport was in the city where they lived. Further research could be conducted with 
participants from international backgrounds, for example, holidaymakers returning 
home to a non-Australian country. Additionally, all participants in this research had 
proficiency with English. This is another limitation that should be addressed through 
further research using non-English speakers.  
13.3 FUTURE RESEARCH 
This research provides a foundation for a wide range of future research 
opportunities. One of the more immediate opportunities is the examination of 
intuitive navigation in a range of other airports; for example, in larger and more 
complex airport such as Singapore’s Changi Airport, Hong Kong International 
Airport, or London’s Heathrow Airport. Future research should be conducted into the 
layout of tasks in airports and whether certain layouts significantly affect intuitive 
navigation. 
Additional research should be conducted into the navigation components (the 
navigator, the environment, other people, and personal items), and the navigation 
elements used; for example, further research into the role other people play during 
navigation would be significant. Further research could also examine the elements in 
greater depth, for example if, or how, variables such as size, shape, colour, texture, 
and information affect intuitive navigation.  
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Due to limitations in the scope of the research, there are certain aspects of the 
airport environment that could not be examined in depth; for example, the use of 
pathways and the organisation of spaces. Further research should examine how 
alterations to the organisation of spaces could affect intuitive navigation. 
Additionally, further research could examine how the presence/absence of particular 
elements affects intuitive navigation. 
Due to time constraints, this research focussed on navigation to processing 
activities for departing flights. Further research should be conducted on navigation in 
arrivals, and when transferring between flights. Navigation to and through retail and 
other discretionary areas (for example passenger lounges) is another topic which 
could be investigated. 
Another area for future research is into the role of stress and anxiety in intuitive 
navigation. For example, examining the effect that time before the departing flight 
has on a passenger’s stress, anxiety, and intuitive navigation. 
While the use of personal technology devices for navigation purposes was 
limited in this research, it is likely to become more commonplace in the future. There 
is a need to understand how these devices could be used to assist navigation; for 
example, there is the need to determine what type of instructions or information is 
required, and at what stages of the navigation process it is required. Additionally, 
there is a need to understand what effect these personal technology devices could 
have on intuitive navigation. 
With the concept of intuitive navigation established, this research methodology 
could be applied to a range of other complex environments that people are required 
to navigate. Examples include other transportation environments such as railway 
terminals, bus terminals, or ports. Additionally, a range of non-transport complex 
environments such as hospitals, shopping centres, office buildings, parks, cruise 
ships and sporting stadiums could benefit from passengers’ intuitive navigation.  
With this research establishing that Low AEF passengers can navigate less 
intuitively than High AEF passengers, future research could examine Low AEF 
passengers in greater detail. For example, airports could benefit from understanding 
what occurs when first time international flyers, or those who have only flown 
internationally once or twice before, use the airport. Additionally, airports would 
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benefit from future research into how passengers that live in other cities use their 
airport for the first time. 
13.4 SUMMARY 
This research advances knowledge of intuitive navigation, and provides new 
insight into passengers’ intuitive navigation of airports. Thus, the application of its 
findings will contribute to passengers’ fast and efficient navigation of airport 
terminals. This is a particularly significant contribution at a time when the number of 
passengers flying, and the frequency with which they fly, is set to increase 
dramatically. 
The most important contribution of this research is its establishment of the link 
between familiarity with airports (or similar environments) and intuitive navigation. 
Passengers with greater familiarity with airports and similar environments are likely 
to spend more time navigating intuitively than those with less familiarity. When 
navigating intuitively, passengers used fast, semi/non-conscious and (often) correct 
interactions. Also identified in this research were key elements in airport navigation 
(such as Location-defined Elements) and two destination categories: Flight-defined 
Destinations and Combined-passenger Destinations.  
This research also contributes new methodologies, including the use of eye 
tracking, terminal observations, and the Airport Environment Familiarity (AEF) 
questionnaire to assist the examination of intuitive navigation. Additionally, 
significant practical outcomes were produced in the form of the Navigation 
Framework and the five Navigation Activities. This framework, and these activities, 
will help airport designers/planners to better understand the complexity of airports 
and, in turn, inform their design for more intuitive passenger navigation. 
This research has the potential to benefit passengers, airports and airlines. The 
findings suggest a range of airport changes that could improve intuitive navigation 
for both inexperienced and experienced passengers. While the focus of this study has 
been on the airport environment, the results have implications for other large spaces 
in which people navigate, including transportation terminals, hospitals and shopping 
centres. Providing intuitive navigation will enable an improved experience for all 
navigators.
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Tobii Glasses Eye-Tracking System  
 
 
Figure 1: Wearing the glasses (head) and recording assistant (waist) 
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Appendix B 
Pre-navigation questionnaire (Brisbane) 
For	the	researcher	
Participant	#	:	
Time	to	gate:	
Time	to	boarding:	
	
Start	here	
Answer	each	question	by	circling	the	most	appropriate	answer	on	the	
scale: 
 
Q 1 How easy or difficult do you think it will be to navigate through the terminal to the 
boarding gate to catch your flight? 
Very difficult Very Easy 
1 2 3 4 5 6 
	
Q 2 How confident are you that you will navigate to your boarding gate without 
difficulty? 
Not very  
confident 
Very confident 
1 2 3 4 5 6 
	
	
End	of	the	questionnaire.	
Thank	you!
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Pre-navigation	questionnaire	(Melbourne)	
For	the	researcher	
Participant	#	:	
Time	to	gate:	
Time	to	boarding:	
	
Start	here	
Answer	each	question	by	circling	the	most	appropriate	answer	on	the	
scale: 
 
Q 1 How easy or difficult do you think it will be to navigate through the terminal to the 
boarding gate to catch your flight? 
Very difficult Very Easy 
1 2 3 4 5 6 
	
	
Q 2 How confident are you that you will navigate to your boarding gate without 
difficulty? 
Not very  
confident 
Very confident 
1 2 3 4 5 6 
	
For	airport	staff:	
How	often,	on	average	do	you	go	through	departures?	
	
Daily	 Every	
couple	
of	days	
Once	
a	
week	
Once	a	
month	
Once	
every	3	
months	
Once	
every	6	
months	
Once	
a	
year	
Once	
every		
2	years	
or	
greater	
Never	
	 	 	 	 	 	 	 	 	
	
When	was	the	last	time	you	went	through	departures?	
Today	/		
Yesterday	
Past	
seven	
days	
Past	2	
weeks	
Past	
month	
Past	3	
months	
Past	6	
months	
Past	
year	
Past	2	
years	
or	
greater	
Never	
	 	 	 	 	 	 	 	 	
	
End	of	the	questionnaire.	
Thank	you!	
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Appendix C 
Post-experiment questionnaire 
Post-navigation	questionnaire	
	
Start	here	
	
How	old	are	you?	:		  	
Your	gender	:							Male												Female		  For	the	researcher	
Destination	flying	to	:	  Participant	#	:	
Time	your	flight	departs	:	  Time	to	gate:	
The	gate	number	of	your	flight?	:	  Time	to	boarding:	
 
Next:	For	the	following	questions,	tick	the	box	below	the	most	appropriate	
answer:	
Q1 How often, on average, do you fly internationally? 
Once a 
month, or 
more 
frequently 
Once every 
3 months 
Once every 
6 months 
Once a 
year 
Once every 
2 years 
Once every 
3 years, or 
less 
frequently 
Never 
       
	
Q2 How often, on average, do you fly out from Brisbane International Airport? 
Once a 
month, or 
more 
frequently 
Once every 
3 months 
Once every 
6 months 
Once a 
year 
Once every 
2 years 
Once every 
3 years, or 
less 
frequently 
Never 
       
 
Q3 How often, on average, do you fly domestically within Australia? 
Once a 
month, or 
more 
frequently 
Once every 
3 months 
Once every 
6 months 
Once a 
year 
Once every 
2 years 
Once every 
3 years, or 
less 
frequently 
Never 
       
 
Q4 How often, on average, do you fly domestically within other countries (excluding 
Australia)? 
Once a 
month, or 
more 
frequently 
Once every 
3 months 
Once every 
6 months 
Once a 
year 
Once every 
2 years 
Once every 
3 years, or 
less 
frequently 
Never 
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Q5      How often, on average, do you use any railway terminal for travel between cities? 
Once a 
month, or 
more 
frequently 
Once every 
3 months 
Once every 
6 months 
Once a 
year 
Once every 
2 years 
Once every 
3 years, or 
less 
frequently 
Never 
       
 
Q6 How often, on average, do you use any bus terminal for travel between cities? 
Once a 
month, or 
more 
frequently 
Once every 
3 months 
Once every 
6 months 
Once a 
year 
Once every 
2 years 
Once every 
3 years, or 
less 
frequently 
Never 
       
 
Q7 How often, on average, do you use any port for travel by sea between cities or 
countries? 
Once a 
month, or 
more 
frequently 
Once every 
3 months 
Once every 
6 months 
Once a 
year 
Once every 
2 years 
Once every 
3 years, or 
less 
frequently 
Never 
       
 
The	following	questions	refer	to	when	you	last	used	/	undertook	the	following:	
 
Q8 When did you last fly out of Brisbane International Airport before today?  
Less than 
one month 
ago 
Between 1 
and 3 
months ago 
Between  
3 and 6 
months ago 
Between  
6 months and 
1 year ago 
Between 1 
and 2 years 
ago 
Over 2 
years ago 
Never 
       
 
 
Q9 When did you last fly out of any other international Airport (excluding Brisbane)? 
Less than 
one month 
ago 
Between 1 
and 3 
months ago 
Between  
3 and 6 
months ago 
Between  
6 months and 
1 year ago 
Between 1 
and 2 years 
ago 
Over 2 
years ago 
Never 
       
	
	
Q10 When did you last fly domestically in Australia? 
Less than 
one month 
ago 
Between 1 
and 3 
months ago 
Between  
3 and 6 
months ago 
Between  
6 months and 
1 year ago 
Between 1 
and 2 years 
ago 
Over 2 
years ago 
Never 
       
 
 
Q11 When did you last fly domestically in another country (excluding Australia)? 
Less than 
one month 
ago 
Between 1 
and 3 
months ago 
Between  
3 and 6 
months ago 
Between  
6 months and 
1 year ago 
Between 1 
and 2 years 
ago 
Over 2 
years ago 
Never 
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See	the	next	page	for	more	questions…	
The	following	questions	refer	to	your	experiences	navigating	through		this	airport	today:	
	
Q14 Compared to other international airports that you have used, was this airport more 
difficult or easier to navigate?  
Far more difficult  Far Easier 
1 2 3 4 5 6 
	
	
Q15 How much visual navigation / wayfinding information did the airport provide you 
with? 
Too little  
information 
 Too much  
information 
1 2 3 4 5 6 
	
	
Q16 How complex or simple is the layout (i.e. the floor plan) of the airport? 
Very complex Very simple 
1 2 3 4 5 6 
 
Q17 Overall, how useful did you find the signage in the airport? 
Not useful Very Useful 
1 2 3 4 5 6 
 
Q18 How well did you feel the airport communicated information that you required to 
navigate through the terminal? 
Very badly Very well 
1 2 3 4 5 6 
 
 
Q19 Overall how easy/difficult was it to navigate through this airport today? 
Very difficult Very Easy 
1 2 3 4 5 6 
 
Q20 How was navigating from the entrance of the terminal to your check-in desk today? 
Very difficult Very Easy 
1 2 3 4 5 6 
 
Flip	over	the	page	for	the	next	question….	
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Q21 How was navigating from check-in to the start of the security area? 
Very difficult Very Easy 
1 2 3 4 5 6 
 
Q23 After passing through customs, how was easy/ difficult was navigating to your 
boarding gate? 
Very difficult Very Easy 
1 2 3 4 5 6 
	
 
Q26 Write	down	any	landmarks	inside	the	airport	terminal	that	helped	you	
navigate?	Landmarks can include things such as buildings, shops, signs, information 
boards, artwork and advertising. Also write down why where it is located and why the 
landmark was useful. 
 
Landmark	 Location	 Why	it	was	useful	
   
   
   
   
   
   
   
	
The	next	2	questions	relate	to	navigating	through		large	cities	on	foot:	
Q24 How easy/difficult do you find it to navigate on foot through large cities that you are 
unfamiliar with? 
Very difficult Very Easy 
1 2 3 4 5 6 
 
Q25 How easy/difficult do you find navigating on foot through large cities that you are 
familiar with? 
Very difficult Very Easy 
1 2 3 4 5 6 
	
End	of	the	questionnaire.	
Thank	you!  
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Appendix D 
Participant Information Sheet and Consent Form 
RESEARCH	TEAM		
Principal	
Researcher:	 Andrew	Cave,	PhD	student,	QUT		
Associate	
Researchers:	 Dr	Thea	Blackler,	Prof	Vesna	Popovic,	and	Dr	Ben	Kraal,	QUT	
DESCRIPTION	
This	project	is	being	undertaken	by	Andrew	Cave	as	part	of	his	PhD.		
The	 purpose	 of	 this	 project	 is	 to	 identify	 the	 elements	 that	 enable	 passengers	 to	
navigate	 intuitively	 within	 airport	 terminals.	 This	 study	 will	 investigate	 what	
passengers	 look	 at	 as	 they	 move	 through	 the	 airport	 terminal.	 This	 project	 is	
expected	 to	 generate	 new	 knowledge	 about	 how	 passengers	 navigate	 through	
airport	 terminals,	 and	 will	 facilitate	 in	 an	 improved	 navigation	 experience	 for	
passengers.	
You	are	invited	to	participate	in	this	project	because	you	can	help	to	improve	future	
experiences	at	airport	terminals.	
This	project	 is	 conducted	as	part	of	 the	Airports	of	 the	Future	 research	project	at	
QUT	 (www.airportsofthefuture.qut.edu.au).	 The	 Airports	 of	 the	 Future	 research	
project	 is	 supported	 under	 the	 Australian	 Research	 Council’s	 Linkage	 Projects	
funding	scheme.	This	project	is	undertaken	in	partnership	with	the	Brisbane	Airport	
Corporation	and	Melbourne	International	Airport.	
PARTICIPATION	
Your	 participation	 in	 this	 project	 is	 entirely	 voluntary.	 If	 you	 do	 agree	 to	 participate,	 you	 can	
withdraw	from	the	project	without	comment	or	penalty.	If	you	withdraw,	on	request	any	identifiable	
information	 already	 obtained	 from	 you	 will	 be	 destroyed.	 Your	 decision	 to	 participate,	 or	 not	
participate,	will	 in	no	way	 impact	upon	your	 current	or	 future	 relationship	with	QUT	 (for	example	
your	grades),	Brisbane	International	Airport	or	Melbourne	International	Airport.	
Your	participation	will	involve,	on	the	date	of	travel:	
1. A	short	pre	experiment	audio	recorded	interview	(approximately	10	minutes	
in	length)	and	questionnaire.	
2. You	will	be	required	to	wear	eye-tracking	glasses	that	video	record	what	you	
are	 looking	 at,	 at	 Brisbane	 International	 Airport	 or	 other	 agreed	 location,	
while	 you	 navigate	 through	 the	 terminal.	 It	 is	 expected	 that	 fitting	 and	
testing	of	the	glasses	will	take	approximately	5	minutes,	and	removal	of	the	
	
PARTICIPANT	INFORMATION	FOR	QUT	RESEARCH	PROJECT	
–	Interview	/	Experiment–	
Passengers’	intuitive	navigation	within	airport	terminals	
QUT	Ethics	Approval	Number		1200000002	
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glasses	will	take	approximately	5	minutes.	You	may	be	asked	to	navigate	to	
places	in	the	airport	that	you	may	not	normally	go	to.	
3. A	 short	 post-experiment	 interview	 will	 take	 approximately	 10	 minutes	 of	
your	time.		
Questions	will	include:		
- How	often	do	you	fly	internationally?	
- What	facilities	do	you	use	in	the	airport?	
- Did	you	have	any	issues	navigating	through		the	airport?	
EXPECTED	BENEFITS	
It	 is	expected	that	this	project	will	not	benefit	you	directly.	However,	 it	may	benefit	 it	may	benefit	
you	 in	 future	 airport	 travel	 when	 we	 report	 our	 findings	 back	 to	 the	 airport.	 We	 will	 make	
recommendations	on	how	to	improve	airport	terminals	to	provide	passengers	with	a	more	intuitive	
navigation	experience,	which	we	hope	airports	throughout	Australia	will	adopt,	 leading	to	a	better	
passenger	experience.			
To	 recognise	 your	 contribution	 should	 you	 choose	 to	 participate,	 the	 research	 team	 is	 offering	
participants	an	Instant	Scratch	It	to	the	value	of	$2.	
RISKS	
There	are	no	risks	beyond	normal	day-to-day	living	associated	with	your	participation	in	this	project.	
You	 have	 already	 chosen	 to	 undertake	 international	 travel	 independently	 of	 this	 project,	 hence,	
were	willing	to	assume	the	risks	related	to	international	travel	of	your	own	volition.	These	potential	
risks	include	traffic	related	injury	during	travel	to	the	airport	and	general	risks	associated	with	being	
in	an	airport	terminal	(e.g.	slip	and	fall,	terrorism	attack).	The	eye-tracking	glasses	do	not	pose	any	
risks	as	they	are	like	normal	eye	glasses	and	are	not	bulky	or	heavy.		
	
	
PRIVACY	AND	CONFIDENTIALITY	
All	 comments	 and	 responses	will	 be	 treated	 confidentially.	 	All	 video	and	audio	 recordings	will	 be	
kept	 safely	 in	 a	 secure	 laboratory	 at	 QUT	 and	 held	 on	 a	 password	 protected	 computer.	 Only	
members	of	the	project	team	(specified	above)	will	have	access	to	the	video	and	audio	recordings.	
The	 video	 footage	 may	 be	 used	 in	 discussion	 of	 the	 results	 at	 academic	 or	 industry	 talks,	 or	 in	
academic	journals.	We	will	only	use	your	images	with	your	express	written	permission.	
It	is	not	possible	to	participate	in	the	experiment	without	being	audio/video	recorded.	
The	project	is	funded	by	the	Australia	Research	Council	however	the	funding	body	
will	not	have	access	to	the	raw	data	obtained	during	the	project.	
Please	note	that	non-identifiable	data	collected	in	this	project	may	be	used	as	comparative	data	in	
future	projects.	Those	who	will	have	access	to	the	video	recording	are	Andrew	Cave,	Thea	Blackler,	
Vesna	Popovic	and	Ben	Kraal.	
CONSENT	TO	PARTICIPATE	
We	would	 like	 to	ask	you	 to	sign	a	written	consent	 form	(enclosed)	 to	confirm	your	agreement	 to	
participate.	
QUESTIONS	/	FURTHER	INFORMATION	ABOUT	THE	PROJECT	
If	have	any	questions	or	require	any	further	information	about	the	project	please	contact	one	of	the	
research	team	members	below.	
School	of	Design	–	Faculty	of	Built	Environment	and	Engineering	–	QUT	
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Andrew	Cave	 Dr	Thea		Blackler	
Prof	Vesna	
	Popovic	 Dr	Ben	Kraal	
andrew.cave	
@student.qut.edu.au		
a.blackler@qut.edu.au		 v.popovic@qut.edu.au		 b.kraal@qut.edu.au	
0421	996	503	 	
CONCERNS	/	COMPLAINTS	REGARDING	THE	CONDUCT	OF	THE	PROJECT	
QUT	is	committed	to	research	integrity	and	the	ethical	conduct	of	research	projects.		However,	if	you	
do	have	any	concerns	or	complaints	about	 the	ethical	conduct	of	 the	project	you	may	contact	 the	
QUT	Research	Ethics	Unit	on	(07)	3138	5123	or	email	ethicscontact@qut.edu.au.	The	QUT	Research	
Ethics	Unit	is	not	connected	with	the	research	project	and	can	facilitate	a	resolution	to	your	concern	
in	an	impartial	manner.	
Thank	you	for	helping	with	this	research	project.		Please	keep	this	sheet	for	your	
information.	
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RESEARCH	TEAM	CONTACTS	
School	of	Design	–	Faculty	of	Built	Environment	and	Engineering	–	QUT	
Andrew	Cave	 Dr	Thea	Blackler	 Prof	Vesna	Popovic	 Dr	Ben	Kraal	
andrew.cave@student.qut.edu.au		 a.blackler@qut.edu.au		 v.popovic@qut.edu.au		 b.kraal@qut.edu.au	
0421	996	503	 	
STATEMENT	OF	CONSENT	
By	signing	below,	you	are	indicating	that	you:	
• Have	read	and	understood	the	information	document	regarding	this	project.	
• Have	had	any	questions	answered	to	your	satisfaction.	
• Understand	that	if	you	have	any	additional	questions	you	can	contact	the	research	team.	
• Understand	that	you	are	free	to	withdraw	at	any	time,	without	comment	or	penalty.	
• Understand	that	you	can	contact	the	Research	Ethics	Unit	on	07	3138	5123	or	email	
ethicscontact@qut.edu.au	if	you	have	concerns	about	the	ethical	conduct	of	the	project.	
• Understand	that	the	project	will	include	audio	and	video	recording.	
• Understand	that	non-identifiable	data	collected	in	this	project	may	be	used	as	comparative	
data	in	future	projects.	
• Agree	to	participate	in	the	project.	
	
Name	 	
Signature	 	
Date	 	 	
MEDIA	RELEASE	PROMOTIONS	
From	time	to	time,	we	may	like	to	promote	our	research	to	the	general	public	through,	for	example,	
newspaper	articles.	 	Would	you	be	willing	to	be	contacted	by	QUT	Media	and	Communications	for	
possible	inclusion	in	such	stories?		By	ticking	this	box,	it	only	means	you	are	choosing	to	be	contacted	
–	you	can	still	decide	at	the	time	not	to	be	involved	in	any	promotions.	
	 Yes,	you	may	contact	me	about	inclusion	in	promotions	
	 No,	I	do	not	wish	to	be	contacted	about	inclusion	in	promotions	
Please	turn	over	the	page.	
	
	
	
  
	
CONSENT	FORM	FOR	QUT	RESEARCH	PROJECT	
–	Interview	/	Experiment	–	
Passengers’	intuitive	navigation	within	airport	terminals	
QUT	Ethics	Approval	Number		1200000002	
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Image Release:  Research Participants 
PLEASE RETURN THIS COMPLETED FORM TO ANDREW CAVE 
A COPY WILL BE PROVIDED FOR YOUR RECORDS 
If you agree to give consent regarding the use of your image in the research project, 
please read and complete the consent below.   
Consent 
• I agree to the University using, reproducing and disclosing photographic or 
video images of me as explained in this Image Release: Research Participants 
Information Sheet and Consent Form. 
 
• I agree that I will make no claim against QUT for any payment or fee for 
appearing in promotional material or advertisements and release QUT from 
any other claims arising out of the University’s use of the images of me. 
 
• I understand that the anonymity afforded me as a participant in the research 
project Passengers intuitive navigation within airport terminals will be 
rescinded if I appear in this research project.  
Name	 	
Signature	 	
Date	 	 	
For	involvement	of	children	
Name	of	Child	 	
Signature	of	Child	 	
By	 signing	 below,	 you	 are	 indicating	 that	 you	 have	 discussed	 participation	 in	 the	 research	
project	with	your	child	and	you	are	the	legal	guardian	to	provide	consent	to	participate.	
Name	of	
Parent/Guardian	 	
Signature	of	
Parent/Guardian	 	
Date	 	 	
Please	return	this	sheet	to	the	investigator.	
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Image Release:  Research Participants  
A photographic image (including a video recording) which is sufficiently clear to 
enable you to be identified as an individual is personal information.  Queensland 
University of Technology seeks to comply with the Information Privacy Principles as 
set out in the Information Privacy Act 2009. QUT shall, from time to time, endorse a 
privacy policy (see www.mopp.qut.edu.au ) to ensure that personal information is 
used and disclosed only in ways which are consistent with privacy principles and will 
otherwise comply with QUT’s privacy obligations under statute.  In general, personal 
information is not disclosed or published except where an individual’s consent has 
been obtained. 
• QUT is seeking your consent to use an image of you in peer reviewed 
academic papers and journals, as well as on slides used for presentations at 
conferences. 
• Participation in this release is voluntary. 
• Your decision to participate or to not participate will in no way impact upon 
your current or future relationship with Andrew Cave or with QUT.  
If you have any questions please ensure you have discussed them and are 
comfortable with the response before providing consent.  You may choose to discuss 
participation with the following people: 
• Andrew Cave 
• Family or friends. 
What is the release about? In peer reviewed papers and conference journals, as well 
as conferences, we would like to illustrate some interesting aspects of how 
passengers’ navigate through airports by showing small portions of video or still 
images from the observation. This video and/or still image/s will be used to highlight 
the findings and outcomes of the research, and will contribute to improving 
passenger experience within the airport.  
Why do you want to include me? This research is looking at how passengers’ 
navigate through the terminal, therefore it is important to use actual passengers 
navigating through  the airport. 
What will you ask me to do? Your participation will involve you wearing the Tobii 
Glasses eye tracking system while navigating through  the airport terminal. Wearing 
the Tobii Glasses eye tracking system involves wearing lightweight video recording 
glasses that record what you look at. Your participation will also involve a short pre 
experiment interview (10 minutes) where you will be asked a series of questions 
about familiarity with airport terminals. You will then be instructed on how to wear 
the Tobii Glasses eye tracking system. After the navigation task is completed you 
will then complete a short post experiment interview that will take approximately 10 
minutes. 
The questions asked of video participants will be related to airport familiarity and the 
navigation experience.   
Are	 there	any	benefits	 for	me	 in	 taking	part?	 	 It	 is	expected	 that	 this	project	will	not	benefit	you	
directly.	However,	it	may	benefit	you	in	future	airport	travel	when	we	report	our	findings	back	to	the	
airport.	We	will	make	recommendations	on	how	to	improve	airport	terminals	to	provide	passengers	
with	a	more	intuitive	navigation	experience,	which	we	hope	airports	throughout	Australia	will	adopt,	
leading	to	a	better	passenger	experience.		
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To	 recognise	 your	 contribution	 should	 you	 choose	 to	 participate,	 the	 research	 team	 is	 offering	
participants	an	Instant	Scratch	It	to	the	value	of	$2.	
Are there any risks for me in taking part? We believe there are minimal risks with 
your participation in this video, which you should consider, mainly that your image 
may be included in peer reviewed papers and journals as well as in slides used for 
presentations at academic conferences. 
Confidentiality The faces and speech of all video participants will be included in the 
video.  QUT understands that video participants may not wish to be named in this 
video.  As a result the names of all video participants will be excluded from this 
video.  QUT will only identify you in the video on the basis of your association with 
the researcher, i.e. participant in intuitive airport navigation. 
Who will see the video? All video recordings will be kept safely in a secure 
laboratory at QUT, held on a password controlled computer. Only members of the 
research team will have access to these video recordings. The video footage and/or 
still images may be used within peer reviewed papers and journals as well as on 
slides used for presentations at conferences. All participants will be asked to sign the 
image release form, so that video and still images from the video data can be used. 
Participants who do not sign the image release form will not have video footage or 
still images shown outside of the research team.  
Can I change my mind? You will have the opportunity to view the images/footage 
as we plan to use them, and can decide to withdraw at that stage.  However, once the 
video is produced it will not be possible to withdraw. 
I am interested – what should I do next? You will be required to sign the attached 
Consent Form, acknowledging that you have read and understood the Image Release 
Information Sheet, and agree to allow the use of your image in video footage and/or 
still image for QUT academic purposes. 
If you have any questions about this video, please do not hesitate to contact: 
Andrew Cave PhD candidate, QUT School of Design Email: 
andrew.cave@student.qut.edu.au  
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
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Appendix E 
Field Study One Non-Passenger Scenario / E-ticket 
Scenario 
Today you will be playing the role of a passenger flying overseas. You are required 
to navigate through the terminal to your boarding gate in time for your “flight”. 
Below is your e-ticket that includes your “flight” information. 
 
 
E-Ticket		(for	QUT	research	only)	
Customer name: __________________________________ 
Passenger Itinerary 
Airline:  
Departing: Brisbane (Terminal 1) at:  
Arriving:  
Flight status:  Confirmed 
Class of service:  Economy 
Airline reference: NA 
Ticket number: NA 
Number of seats: 1 
Number of stops: 0 
Flight time: NA 
 
Checking In 
The Check in desks are open until 60 minutes before the scheduled flight departure 
time.  
Departure card reminder:  
Passengers are required to fill out a departure card for Customs. 
Boarding the plane  
Passengers are required to be at the boarding gate 30 minutes before the scheduled 
flight time.  
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Appendix F 
Field Study One Non-Passenger boarding pass 
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Appendix G 
Navigation States and interaction duration results for Melbourne International 
Airport 
Table 1. 
Going/doing interaction duration 
 Going/doing 
intuitive 
Going/doing partially 
intuitive 
Going/doing 
not intuitive 
 Mean SD Mean SD Mean SD 
Time (seconds) 12.20 5.15 9.12 2.69 5.37 2.07 
 
Table 2. 
Assessing/acquiring information interaction duration 
 Assessing/acquiring 
information intuitive 
Assessing/acquiring 
information partially 
intuitive 
Assessing/acquiring 
information not 
intuitive 
 Mean SD Mean SD Mean SD 
Time 
(seconds) 
2.31 0.45 3.96 1.14 5.18 3.64 
 
Table 3. 
Search Focussed/Unfocussed interaction duration 
 Search Focussed Search Unfocussed 
 Mean SD Mean SD 
Time (seconds) 3.53 1.95 13.87 18.86 
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Appendix H 
Navigation States and Intuitive Navigation Results 
Table 1. Navigation States of all participants: z and p values. 
Differences of Navigation Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Navigation Navigation Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Assessment Going/Doing -48.6702 2.3477 -20.73 <.0001 <.0001 
Assessment Search 15.5091 1.3013 11.92 <.0001 <.0001 
Going/Doing Search 64.1792 2.5934 24.75 <.0001 <.0001 
 
Table 2. Navigation States of all participants: identifying significant differences. 
Tukey-Kramer Grouping for Navigation Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Navigation Estimate  
Going/Doing 70.9498 A 
Assessment 22.2796 B 
Search 6.7706 C 
 
 
Table 3. Overall Navigation States and AEF: z and p values. 
Differences of Navigation*AEF Least Squares Means Adjustment for Multiple Comparisons: Tukey-Kramer 
Navigation AEF Navigation AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Assessment High Assessment Low -9.0570 2.0286 -4.46 <.0001 0.0003 
Assessment High Assessment Med 0.2248 2.4070 0.09 0.9256 1.0000 
Assessment Low Assessment Med 9.2818 2.3368 3.97 <.0001 0.0023 
Going/Doing High Going/Doing Low 21.2312 4.2686 4.97 <.0001 <.0001 
Going/Doing High Going/Doing Med 3.1065 2.9269 1.06 0.2885 0.9795 
Going/Doing Low Going/Doing Med -18.1247 4.4006 -4.12 <.0001 0.0013 
Search High Search Low -12.1742 3.0322 -4.02 <.0001 0.0019 
Search High Search Med -3.3312 1.1859 -2.81 0.0050 0.1126 
Search Low Search Med 8.8429 2.9815 2.97 0.0030 0.0740 
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Table 4. Navigation and AEF: identifying significant differences. 
Tukey-Kramer Grouping for Navigation*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Navigation AEF Estimate  
Going/Doing High 79.0623  A 
    A 
Going/Doing Med 75.9559  A 
Going/Doing Low 57.8311  B 
Assessment Low 28.3926  C 
Assessment High 19.3356  D 
    D 
Assessment Med 19.1108  D 
    D 
Search Low 13.7763 E D 
   E  
Search Med 4.9333 E F 
    F 
Search High 1.6021  F 
 
Table 5. Going/doing intuitiveness for all participants: z and p values. 
Differences of Sub classification Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification Sub classification Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not Intuitive 91.9067 1.7186 53.48 <.0001 <.0001 
Intuitive Partially Intuitive 86.0570 2.5686 33.50 <.0001 <.0001 
Not Intuitive Partially Intuitive -5.8497 1.1011 -5.31 <.0001 <.0001 
 
Table 6.  Going/doing intuitiveness for all participants: identifying significant 
differences. 
Tukey-Kramer Grouping for Sub classification Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Estimate  
Intuitive 92.6546 A 
Partially Intuitive 6.5976 B 
Not Intuitive 0.7479 C 
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Table 7. Going/doing intuitive and AEF groups: z and p values. 
Differences of Sub Classification AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification AEF Sub classification AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 12.8945 3.8549 3.34 0.0008 0.0233 
Intuitive High Intuitive Med 1.3452 1.7723 0.76 0.4478 0.9979 
Intuitive Low Intuitive Med -11.5493 3.9902 -2.89 0.0038 0.0900 
Not Intuitive High Not Intuitive Low -2.0548 1.1131 -1.85 0.0649 0.6512 
Not Intuitive High Not Intuitive Med -0.1226 0.3612 -0.34 0.7344 1.0000 
Not Intuitive Low Not Intuitive Med 1.9323 1.0860 1.78 0.0752 0.6961 
Partially Intuitive High Partially Intuitive Low -10.8397 3.3168 -3.27 0.0011 0.0299 
Partially Intuitive High Partially Intuitive Med -1.2226 1.6926 -0.72 0.4701 0.9985 
Partially Intuitive Low Partially Intuitive Med 9.6170 3.5541 2.71 0.0068 0.1455 
 
Table 8. Going/doing intuitiveness and AEF groups: identifying significant 
differences. 
Tukey-Kramer Grouping for Sub Classification AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification AEF Estimate  
Intuitive High 97.4011  A 
    A 
Intuitive Med 96.0559 B A 
   B  
Intuitive Low 84.5066 B  
Partially Intuitive Low 13.4165  C 
    C 
Partially Intuitive Med 3.7995 D C 
   D  
Partially Intuitive High 2.5768 D  
   D  
Not Intuitive Low 2.0769 D  
   D  
Not Intuitive Med 0.1446 D  
   D  
Not Intuitive High 0.02206 D  
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Table 9. Assessing/acquiring information for all participants: z and p values. 
Differences of Sub classification Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification Sub classification Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not Intuitive 45.2939 4.5471 9.96 <.0001 <.0001 
Intuitive Partially Intuitive 25.6309 5.2210 4.91 <.0001 <.0001 
Not Intuitive Partially Intuitive -19.6630 2.8479 -6.90 <.0001 <.0001 
 
Table 10. Assessing/acquiring information for all participants: identifying significant 
differences. 
Tukey-Kramer Grouping for Sub classification Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Estimate  
Intuitive 56.9749 A 
Partially Intuitive 31.3440 B 
Not Intuitive 11.6810 C 
 
Table 11. Assessing/acquiring information intuitiveness and AEF groups: z and p 
values. 
Differences of Sub Classification AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification AEF Sub classification AEF Estimate Standard Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 40.7328 7.0460 5.78 <.0001 <.0001 
Intuitive High Intuitive Med 12.8485 8.3024 1.55 0.1217 0.8329 
Intuitive Low Intuitive Med -27.8843 8.9476 -3.12 0.0018 0.0479 
Not Intuitive High Not Intuitive Low -13.7160 4.2394 -3.24 0.0012 0.0332 
Not Intuitive High Not Intuitive Med -5.3326 4.0436 -1.32 0.1872 0.9261 
Not Intuitive Low Not Intuitive Med 8.3834 5.2934 1.58 0.1132 0.8140 
Partially Intuitive High Partially Intuitive Low -27.0168 5.9850 -4.51 <.0001 0.0002 
Partially Intuitive High Partially Intuitive Med -7.5160 5.9278 -1.27 0.2048 0.9406 
Partially Intuitive Low Partially Intuitive Med 19.5008 6.3158 3.09 0.0020 0.0521 
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Table 12. Assessing/acquiring information intuitiveness and AEF groups: identifying 
significant differences. 
Conservative Tukey-Kramer Grouping for Sub Classification AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification AEF Estimate  
Intuitive High 74.8354  A 
    A 
Intuitive Med 61.9868 B A 
   B  
Partially Intuitive Low 46.8499 B  
   B  
Intuitive Low 34.1026 B C 
   B C 
Partially Intuitive Med 27.3491 B C 
    C 
Partially Intuitive High 19.8331 D C 
   D C 
Not Intuitive Low 19.0475 D C 
   D  
Not Intuitive Med 10.6641 D E 
    E 
Not Intuitive High 5.3315  E 
The LINES display does not reflect all significant comparisons. The following additional pairs are 
significantly different: (Intuitive Med,Intuitive Low). 
 
Table 13. Search for all participants: z and p values. 
Differences of Sub classification Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification Sub classification Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Focussed Unfocussed -3.8917 10.2510 -0.38 0.7042 0.7042 
 
Table 14. Search for all participants: identifying significant differences. 
Tukey-Kramer Grouping for Sub classification Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Estimate  
Unfocussed 47.0716 A 
  A 
Focussed 43.1799 A 
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Table 15. Search focussed/unfocussed and AEF groups: z and p values. 
Differences of Sub Classification AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub 
classification AEF Sub classification AEF Estimate 
Standar
d Error 
z Valu
e 
Pr > 
|z| Adj P 
Focussed High Focussed Low 17.1111 17.6403 0.97 0.3320 0.9275 
Focussed High Focussed Med 11.8939 12.1751 0.98 0.3286 0.9254 
Focussed Low Focussed Med -5.2172 17.3779 -0.30 0.7640 0.9997 
Unfocussed High Unfocussed Low -46.5427 13.5448 -3.44 0.0006 0.0078 
Unfocussed High Unfocussed Med -29.9790 11.1473 -2.69 0.0072 0.0773 
Unfocussed Low Unfocussed Med 16.5637 15.3760 1.08 0.2814 0.8906 
 
Table 16. Search focussed/unfocussed and AEF groups: identifying significant 
differences. 
Tukey-Kramer Grouping for Sub Classification AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification AEF Estimate  
Unfocussed Low 68.1071  A 
    A 
Focussed High 52.8482 B A 
   B A 
Unfocussed Med 51.5434 B A 
   B A 
Focussed Med 40.9543 B A 
   B A 
Focussed Low 35.7371 B A 
   B  
Unfocussed High 21.5644 B  
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Table 17. Navigation States and age groups: z and p values. 
Differences of Navigation*Age Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Navigation Age Navigation Age Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Assessment 31-40 Assessment 41-67 3.0928 2.4379 1.27 0.2046 0.9404 
Assessment 31-40 Assessment 18-30 -3.5068 2.1271 -1.65 0.0992 0.7777 
Assessment 41-67 Assessment 18-30 -6.5996 2.0196 -3.27 0.0011 0.0300 
Going/Doing 31-40 Going/Doing 41-67 -7.1962 3.5974 -2.00 0.0455 0.5430 
Going/Doing 31-40 Going/Doing 18-30 6.6377 3.0374 2.19 0.0289 0.4152 
Going/Doing 41-67 Going/Doing 18-30 13.8339 4.1669 3.32 0.0009 0.0253 
Search 31-40 Search 41-67 4.1034 1.7972 2.28 0.0224 0.3523 
Search 31-40 Search 18-30 -3.1309 1.8372 -1.70 0.0884 0.7443 
Search 41-67 Search 18-30 -7.2343 2.8679 -2.52 0.0117 0.2209 
 
Table 18. Navigation States and age groups: identifying significant differences. 
Tukey-Kramer Grouping for Navigation*Age Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Navigation Age Estimate  
Going/Doing 41-67 77.9598  A 
    A 
Going/Doing 31-40 70.7636 B A 
   B  
Going/Doing 18-30 64.1259 B  
Assessment 18-30 25.6484  C 
    C 
Assessment 31-40 22.1416 D C 
   D  
Assessment 41-67 19.0488 D  
Search 18-30 10.2256  E 
    E 
Search 31-40 7.0948  E 
    E 
Search 41-67 2.9913  E 
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Table 19. Going/doing intuitive use and Age groups: z and p values. 
Differences of Sub Classification Age Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification Age Sub classification Age Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive 31-40 Intuitive 41-67 -2.8810 2.1519 -1.34 0.1806 0.9197 
Intuitive 31-40 Intuitive 18-30 5.5860 2.8142 1.98 0.0472 0.5540 
Intuitive 41-67 Intuitive 18-30 8.4670 3.8207 2.22 0.0267 0.3950 
Not Intuitive 31-40 Not Intuitive 41-67 0.8622 0.4610 1.87 0.0615 0.6345 
Not Intuitive 31-40 Not Intuitive 18-30 -0.6342 0.7922 -0.80 0.4233 0.9969 
Not Intuitive 41-67 Not Intuitive 18-30 -1.4964 1.0766 -1.39 0.1645 0.9020 
Partially Intuitive 31-40 Partially Intuitive 41-67 2.0188 1.9659 1.03 0.3045 0.9834 
Partially Intuitive 31-40 Partially Intuitive 18-30 -4.9518 2.4956 -1.98 0.0472 0.5545 
Partially Intuitive 41-67 Partially Intuitive 18-30 -6.9706 3.2943 -2.12 0.0344 0.4622 
 
Table 20. Going/doing intuitive and Age groups: identifying significant differences. 
Tukey-Kramer Grouping for Sub Classification Age Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Age Estimate  
Intuitive 41-67 96.4372  A 
    A 
Intuitive 31-40 93.5562  A 
    A 
Intuitive 18-30 87.9702  A 
Partially Intuitive 18-30 10.5717  B 
    B 
Partially Intuitive 31-40 5.6199  B 
    B 
Partially Intuitive 41-67 3.6011 C B 
   C  
Not Intuitive 18-30 1.4581 C  
   C  
Not Intuitive 31-40 0.8238 C  
   C  
Not Intuitive 41-67 -0.03833 C  
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Table 21. Assessing/acquiring information and age groups: z and p values. 
Differences of Sub Classification Age Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification Age Sub classification Age Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive 31-40 Intuitive 41-67 -3.1946 9.7234 -0.33 0.7425 1.0000 
Intuitive 31-40 Intuitive 18-30 14.1676 7.5635 1.87 0.0610 0.6324 
Intuitive 41-67 Intuitive 18-30 17.3622 8.6344 2.01 0.0443 0.5357 
Not Intuitive 31-40 Not Intuitive 41-67 -3.7403 5.1482 -0.73 0.4675 0.9984 
Not Intuitive 31-40 Not Intuitive 18-30 -9.3289 3.6356 -2.57 0.0103 0.2011 
Not Intuitive 41-67 Not Intuitive 18-30 -5.5886 5.0790 -1.10 0.2712 0.9744 
Partially Intuitive 31-40 Partially Intuitive 41-67 6.9349 5.9433 1.17 0.2433 0.9634 
Partially Intuitive 31-40 Partially Intuitive 18-30 -4.8387 6.6105 -0.73 0.4642 0.9983 
Partially Intuitive 41-67 Partially Intuitive 18-30 -11.7736 6.0457 -1.95 0.0515 0.5804 
 
Table 22. Assessing/acquiring information and age groups: identifying significant 
differences. 
Conservative Tukey-Kramer Grouping for Sub Classification Age Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Age Estimate  
Intuitive 41-67 63.8272  A  
    A  
Intuitive 31-40 60.6326  A  
    A  
Intuitive 18-30 46.4650 B A  
   B A  
Partially Intuitive 18-30 36.8815 B A C 
   B  C 
Partially Intuitive 31-40 32.0428 B D C 
    D C 
Partially Intuitive 41-67 25.1079  D C 
    D  
Not Intuitive 18-30 16.6535 E D  
   E   
Not Intuitive 41-67 11.0650 E   
   E   
Not Intuitive 31-40 7.3246 E   
The LINES display does not reflect all significant comparisons. The following additional pairs are significantly 
different: (Intuitive 31-40,Partially Intuitive 18-30). 
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Table 23. Search Focussed/Unfocussed and age groups: z and p values. 
Differences of Sub Classification Age Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification Age Sub classification Age Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Focussed 31-40 Focussed 41-67 -4.3596 14.8337 -0.29 0.7688 0.9997 
Focussed 31-40 Focussed 18-30 2.8926 13.1797 0.22 0.8263 0.9999 
Focussed 41-67 Focussed 18-30 7.2522 16.9658 0.43 0.6690 0.9982 
Unfocussed 31-40 Unfocussed 41-67 36.0074 12.2220 2.95 0.0032 0.0379 
Unfocussed 31-40 Unfocussed 18-30 -1.3080 13.0278 -0.10 0.9200 1.0000 
Unfocussed 41-67 Unfocussed 18-30 -37.3154 11.8490 -3.15 0.0016 0.0203 
  
Table 24. Search Focussed/Unfocussed and age groups: identifying significant 
differences. 
Tukey-Kramer Grouping for Sub Classification Age Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Age Estimate  
Unfocussed 18-30 59.9461  A 
    A 
Unfocussed 31-40 58.6381  A 
    A 
Focussed 41-67 47.0505 B A 
   B A 
Focussed 31-40 42.6909 B A 
   B A 
Focussed 18-30 39.7983 B A 
   B  
Unfocussed 41-67 22.6307 B  
 
Table 25. Navigation States and Gender: z and p values. 
Differences of Navigation*Gender Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Navigation Gender Navigation Gender Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Assessment f Assessment m 0.3999 1.8491 0.22 0.8288 0.9999 
Going/Doing f Going/Doing m 2.2723 2.8468 0.80 0.4248 0.9679 
Search f Search m -2.6722 1.8458 -1.45 0.1477 0.6976 
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Table 26. Navigation States and Gender: identifying significant differences. 
Tukey-Kramer Grouping for Navigation*Gender Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Navigation Gender Estimate  
Going/Doing f 72.0859 A 
   A 
Going/Doing m 69.8137 A 
    
Assessment f 22.4796 B 
   B 
Assessment m 22.0797 B 
    
Search m 8.1067 C 
   C 
Search f 5.4345 C 
 
Table 27. Going/Doing Intuitiveness and Gender: z and p values. 
Differences of Sub Classification Gender Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
 
Sub 
classificatio
n Gender Sub classification Gender Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive f Intuitive m 0.6892 2.3133 0.30 0.7658 0.9997 
Not Intuitive f Not Intuitive m -0.9351 0.6100 -1.53 0.1253 0.6428 
Partially 
Intuitive 
f Partially Intuitive m 0.2459 2.1226 0.12 0.9078 1.0000 
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Table 28. Going/doing intuitiveness and gender: identifying significant differences. 
Tukey-Kramer Grouping for Sub Classification Gender Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Gender Estimate  
Intuitive f 92.9991 A 
   A 
Intuitive m 92.3100 A 
    
Partially Intuitive f 6.7205 B 
   B 
Partially Intuitive m 6.4746 B 
    
Not Intuitive m 1.2154 C 
   C 
Not Intuitive f 0.2803 C 
 
Table 29. Assessing/acquiring information intuitiveness and gender: z and p values. 
Differences of Sub Classification Gender Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub classification Gender Sub classification Gender Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive f Intuitive m 1.9688 6.1579 0.32 0.7492 0.9996 
Not Intuitive f Not Intuitive m -4.0670 3.2636 -1.25 0.2127 0.8140 
Partially Intuitive f Partially Intuitive m 2.0982 4.9026 0.43 0.6687 0.9982 
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Table 30. Assessing/acquiring information intuitiveness and gender: identifying 
significant differences. 
Tukey-Kramer Grouping for Sub Classification Gender Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Gender Estimate  
Intuitive f 57.9593 A 
   A 
Intuitive m 55.9905 A 
    
Partially Intuitive f 32.3931 B 
   B 
Partially Intuitive m 30.2949 B 
    
Not Intuitive m 13.7145 C 
   C 
Not Intuitive f 9.6476 C 
 
Table 31. Search Focussed/Unfocussed and gender: z and p values. 
Differences of Sub Classification Gender Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Sub 
classification Gender Sub classification Gender Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Focussed f Focussed m 29.4205 11.9595 2.46 0.0139 0.066
3 
Unfocussed f Unfocussed m -11.3288 9.8888 -1.15 0.2520 0.661
2 
 
Table 32. Search Focussed/Unfocussed and gender: identifying significant 
differences. 
Tukey-Kramer Grouping for Sub Classification Gender Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Sub classification Gender Estimate  
Focussed f 57.8901 A 
   A 
Unfocussed m 52.7360 A 
   A 
Unfocussed f 41.4073 A 
   A 
Focussed m 28.4697 A 
 
 
  
Appendix H 286 
  
  
Appendix I 287 
Appendix I 
Results for navigation interaction duration for Location-defined Elements at 
Melbourne International. 
 
Table 1. 
Navigation interaction duration for Location-defined Elements 
 Intuitive Partially intuitive Not intuitive 
 Mean SD Mean SD Mean SD 
Time 2.07 0.38 3.42 1.51 5.89 4.42 
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Appendix J 
Results for Location-defined Elements 
To Flight-defined Destinations 
Table 1. Use of Location-defined Elements to Flight-defined Destinations: z and p 
values. 
Differences of Category Least Squares Means Adjustment for Multiple Comparisons: Tukey-
Kramer 
Category Category Estimate 
Standar
d Error z Value 
Pr > 
|z| Adj P 
Navigator-
specific 
Point 
Information 
(Outside-of-
Point) 
1.3482 3.4542 0.39 0.6963 0.9798 
Navigator-
specific 
Point 
Personal 
Items 
31.6460 1.9044 16.62 <.000
1 
<.0001 
Navigator-
specific 
Point 
Similar Point 27.5980 2.9795 9.26 <.000
1 
<.0001 
Information 
(Outside-of-
Point) 
Personal 
Items 
30.2978 2.4878 12.18 <.000
1 
<.0001 
Information 
(Outside-of-
Point) 
Similar Point 26.2498 2.8938 9.07 <.000
1 
<.0001 
Personal 
Items 
Similar Point -4.0480 1.7520 -2.31 0.0209 0.0956 
 
Table 2. Use of Location-defined Elements while navigating to Flight-defined 
Destinations: identifying significant differences. 
Tukey-Kramer Grouping for Category Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Category Estimate  
Navigator-specific Point 40.1480 A 
  A 
Information (Outside-of-Point) 38.7999 A 
   
Similar Point 12.5500 B 
  B 
Personal Items 8.5021 B 
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Table 3. Navigator-specific Point Elements and intuitive use to Flight-defined 
Destinations, all participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
66.0279 5.5479 11.90 <.0001 <.0001 
Intuitive Partially 
Intuitive 
60.3173 4.8981 12.31 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
-5.7107 3.5667 -1.60 0.1094 0.2451 
 
Table 4. Navigator-specific Point Elements and intuitive use to Flight-defined 
Destinations, all participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 75.4484 A 
   
Partially Intuitive 15.1311 B 
  B 
Not Intuitive 9.4205 B 
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Table 5. Navigator-specific Point Elements, AEF and intuitive use to Flight-defined 
Destinations: z and p values: identifying significant differences. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 13.3544 7.0209 1.90 0.0572 0.6123 
Intuitive High Intuitive Medium 8.9975 7.9216 1.14 0.2560 0.9689 
Intuitive Low Intuitive Medium -4.3569 7.1025 -0.61 0.5396 0.9995 
Not 
Intuitive 
High Not 
Intuitive 
Low -11.5146 6.2968 -1.83 0.0675 0.6630 
Not 
Intuitive 
High Not 
Intuitive 
Medium -3.4009 5.7843 -0.59 0.5566 0.9997 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 8.1137 6.6748 1.22 0.2242 0.9534 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -1.8398 4.9525 -0.37 0.7103 1.0000 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -5.5966 5.3675 -1.04 0.2971 0.9817 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium -3.7568 4.8025 -0.78 0.4341 0.9974 
 
Table 6. Navigator-specific Point Elements, AEF and intuitive use to Flight-defined 
Destinations: identifying significant differences. 
Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 82.3086 A 
   A 
Intuitive Medium 73.3112 A 
   A 
Intuitive Low 68.9543 A 
    
Partially Intuitive Medium 18.1850 B 
   B 
Not Intuitive Low 16.6175 B 
   B 
Partially Intuitive Low 14.4282 B 
   B 
Partially Intuitive High 12.5884 B 
   B 
Not Intuitive Medium 8.5038 B 
   B 
Not Intuitive High 5.1029 B 
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Table 7. Information (Outside-of-Point) and intuitive use to Flight-defined 
Destinations, all participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
37.6179 9.0650 4.15 <.0001 <.0001 
Intuitive Partially 
Intuitive 
29.2143 8.5968 3.40 0.0007 0.0020 
Not 
Intuitive 
Partially 
Intuitive 
-8.4036 4.9615 -1.69 0.0903 0.2075 
 
Table 8. Information (Outside-of-Point) and intuitive use to Flight-defined 
Destinations, all participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 55.6107 A 
   
Partially Intuitive 26.3964 B 
  B 
Not Intuitive 17.9929 B 
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Table 9. Information (Outside-of-Point), AEF and intuitive use to Flight-defined 
Destinations: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 47.8774 9.8546 4.86 <.0001 <.0001 
Intuitive High Intuitive Medium 22.9633 11.1725 2.06 0.0398 0.5043 
Intuitive Low Intuitive Medium -24.9141 10.9911 -2.27 0.0234 0.3625 
Not 
Intuitive 
High Not 
Intuitive 
Low -25.8079 8.1214 -3.18 0.0015 0.0397 
Not 
Intuitive 
High Not 
Intuitive 
Medium -19.0002 7.4032 -2.57 0.0103 0.2008 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 6.8078 10.3585 0.66 0.5110 0.9992 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -22.0695 8.3518 -2.64 0.0082 0.1691 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -3.9632 7.5963 -0.52 0.6019 0.9999 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 18.1063 7.2143 2.51 0.0121 0.2270 
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Table 10. Information (Outside-of-Point), AEF and intuitive use to Flight-defined 
Destinations: identifying significant differences. 
Conservative Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 76.7979  A  
    A  
Intuitive Medium 53.8346 B A  
   B   
Partially Intuitive Low 41.1275 B C  
   B C  
Not Intuitive Low 29.9519 B C  
   B C  
Intuitive Low 28.9205 B C  
   B C  
Not Intuitive Medium 23.1442 B C D 
   B C D 
Partially Intuitive Medium 23.0212 B C D 
    C D 
Partially Intuitive High 19.0581  C D 
     D 
Not Intuitive High 4.1440   D 
The LINES display does not reflect all significant comparisons. The following additional pairs are 
significantly different: (Partially Intuitive Medium, Not intuitive High). 
 
Table 11. Personal Items and intuitive use to Flight-defined Destinations, all 
participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
57.6727 7.2821 7.92 <.0001 <.0001 
Intuitive Partially 
Intuitive 
37.6802 9.4228 4.00 <.0001 0.0002 
Not 
Intuitive 
Partially 
Intuitive 
-19.9925 6.4999 -3.08 0.0021 0.0059 
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Table 12. Personal Items and intuitive use to Flight-defined Destinations, all 
participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 64.0065 A 
   
Partially Intuitive 26.3263 B 
   
Not Intuitive 6.3338 C 
 
Table 13. Personal Items, AEF and intuitive use to Flight-defined Destinations: z and 
p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 19.8223 11.5312 1.72 0.0856 0.7350 
Intuitive High Intuitive Medium -14.8576 12.4736 -1.19 0.2336 0.9586 
Intuitive Low Intuitive Medium -34.6799 10.6918 -3.24 0.0012 0.0323 
Not 
Intuitive 
High Not 
Intuitive 
Low 4.6920 9.5177 0.49 0.6220 0.9999 
Not 
Intuitive 
High Not 
Intuitive 
Medium 10.0431 7.3564 1.37 0.1722 0.9109 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 5.3512 6.2606 0.85 0.3927 0.9951 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -33.6052 9.3595 -3.59 0.0003 0.0100 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -4.2764 10.1212 -0.42 0.6726 1.0000 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 29.3288 10.8338 2.71 0.0068 0.1451 
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Table 14. Personal Items, AEF and intuitive use to Flight-defined Destinations: 
identifying significant differences. 
Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive Medium 78.7023  A  
    A  
Intuitive High 63.8447 B A  
   B A  
Partially 
Intuitive 
Low 49.4021 B A C 
   B  C 
Intuitive Low 44.0224 B  C 
     C 
Partially 
Intuitive 
Medium 20.0733  D C 
    D  
Partially 
Intuitive 
High 15.7969  D  
    D  
Not Intuitive High 11.2675  D  
    D  
Not Intuitive Low 6.5755  D  
    D  
Not Intuitive Medium 1.2244  D  
 
Table 15. Similar Point Elements and intuitive use to Flight-defined Destinations, all 
participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
77.4563 5.4109 14.31 <.0001 <.0001 
Intuitive Partially 
Intuitive 
65.8124 7.5680 8.70 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
-11.6439 3.1862 -3.65 0.0003 0.0008 
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Table 16. Similar Point Elements and intuitive use to Flight-defined Destinations, all 
participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 79.9784 A 
   
Partially Intuitive 14.1660 B 
   
Not Intuitive 2.5222 C 
 
Table 17. Similar Point Elements, AEF and intuitive use to Flight-defined 
Destinations: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 15.5490 12.4530 1.25 0.2118 0.9456 
Intuitive High Intuitive Medium 4.8417 11.0639 0.44 0.6617 1.0000 
Intuitive Low Intuitive Medium -10.7073 10.5417 -1.02 0.3098 0.9845 
Not 
Intuitive 
High Not 
Intuitive 
Low -5.3774 3.3116 -1.62 0.1044 0.7920 
Not 
Intuitive 
High Not 
Intuitive 
Medium -2.9679 1.8482 -1.61 0.1083 0.8020 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 2.4095 3.7925 0.64 0.5252 0.9994 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -19.2626 8.4942 -2.27 0.0233 0.3619 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -10.9648 6.4793 -1.69 0.0906 0.7516 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 8.2978 9.0265 0.92 0.3580 0.9920 
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Table 18. Similar Point Elements, AEF and intuitive use to Flight-defined 
Destinations: identifying significant differences. 
Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 85.9002  A 
    A 
Intuitive Medium 81.0584  A 
    A 
Intuitive Low 70.3511 B A 
   B  
Partially Intuitive Low 24.2715 B C 
    C 
Partially Intuitive Medium 15.9737  C 
    C 
Not Intuitive Low 5.3774 D C 
   D C 
Partially Intuitive High 5.0089 D C 
   D C 
Not Intuitive Medium 2.9679 D C 
   D  
Not Intuitive High 8.88E-16 D  
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Use of Location-defined Elements to Combined-passenger Destinations 
Table 19. Use of Location-defined Elements to Combined-passenger Destinations: z 
and p values. 
Differences of Category Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Category Category Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Navigator-
specific 
Point 
Information 
(Outside-of-
Point) 
35.5104 4.9850 7.12 <.0001 <.0001 
Navigator-
specific 
Point 
Personal 
Items 
45.3538 4.3905 10.33 <.0001 <.0001 
Navigator-
specific 
Point 
Similar Point 43.6724 2.9899 14.61 <.0001 <.0001 
Informatio
n (Outside- 
of-Point) 
Personal 
Items 
9.8434 3.0629 3.21 0.0013 0.0072 
Informatio
n (Outside- 
of-Point) 
Similar Point 8.1620 3.0920 2.64 0.0083 0.0413 
Personal 
Items 
Similar Point -1.6814 2.8839 -0.58 0.5599 0.9372 
 
Table 20. Use of Location-defined Elements to Combined-passenger Destinations: 
identifying significant differences. 
Tukey-Kramer Grouping for Category Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Category Estimate  
Navigator-specific Point 56.1341 A 
   
Information (Outside-of-Point) 20.6238 B 
   
Similar Point 12.4617 C 
  C 
Personal Items 10.7804 C 
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Table 21. Navigator-specific Point Elements and intuitive use to Combined-
passenger Destinations, all participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
64.3091 6.8702 9.36 <.0001 <.0001 
Intuitive Partially 
Intuitive 
56.2505 7.0895 7.93 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
-8.0586 3.4312 -2.35 0.0188 0.0494 
 
Table 22. Navigator-specific Point Elements and intuitive use to Combined-
passenger Destinations, all participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 73.5199 A 
   
Partially Intuitive 17.2694 B 
   
Not Intuitive 9.2108 C 
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Table 23. Navigator-specific Point Elements, AEF and intuitive use to Combined-
passenger Destinations: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 37.4569 10.0331 3.73 0.0002 0.0059 
Intuitive High Intuitive Medium 13.3478 7.6390 1.75 0.0806 0.7169 
Intuitive Low Intuitive Medium -24.1091 10.2482 -2.35 0.0186 0.3106 
Not 
Intuitive 
High Not 
Intuitive 
Low -16.4588 7.1628 -2.30 0.0216 0.3433 
Not 
Intuitive 
High Not 
Intuitive 
Medium -8.3925 4.4465 -1.89 0.0591 0.6225 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 8.0663 8.0959 1.00 0.3191 0.9863 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -20.9981 6.7668 -3.10 0.0019 0.0498 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -4.9552 5.3882 -0.92 0.3578 0.9919 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 16.0429 6.8246 2.35 0.0187 0.3116 
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Table 24. Navigator-specific Point Elements, AEF and intuitive use to Combined-
passenger Destinations: identifying significant differences. 
Conservative Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 88.4025  A  
    A  
Intuitive Medium 75.0548 B A  
   B   
Intuitive Low 50.9457 B C  
    C  
Partially 
Intuitive 
Low 30.8511 D C  
   D C  
Not 
Intuitive 
Low 18.2033 D C E 
   D  E 
Partially 
Intuitive 
Medium 14.8082 D  E 
   D  E 
Not 
Intuitive 
Medium 10.1370 D  E 
     E 
Partially 
Intuitive 
High 9.8530   E 
     E 
Not 
Intuitive 
High 1.7445   E 
The LINES display does not reflect all significant comparisons. The following additional pairs are 
significantly different: (Partially Intuitive Medium,Not intuitive High), (Partially Intuitive High,Not 
intuitive High). 
 
Table 25. Information (Outside-of-Point) and intuitive use to Combined-passenger 
Destinations, all participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
47.7512 8.6085 5.55 <.0001 <.0001 
Intuitive Partially 
Intuitive 
23.8767 10.6631 2.24 0.0251 0.0648 
Not 
Intuitive 
Partially 
Intuitive 
-23.8745 6.0710 -3.93 <.0001 0.0002 
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Table 26. Information (Outside-of-Point) and intuitive use to Combined-passenger 
Destinations, all participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 56.0982 A 
  A 
Partially Intuitive 32.2215 A 
   
Not Intuitive 8.3470 B 
 
Table 27. Information (Outside-of-Point), AEF and intuitive use to Combined-
passenger Destinations: z and p values. 
Differences of Intuition*AEF Least Squares Means Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 32.3679 14.2181 2.28 0.0228 0.3564 
Intuitive High Intuitive Medium -7.2304 13.9669 -0.52 0.6047 0.9999 
Intuitive Low Intuitive Medium -39.5983 12.2828 -3.22 0.0013 0.0344 
Not 
Intuitive 
High Not 
Intuitive 
Low -29.1817 9.0959 -3.21 0.0013 0.0361 
Not 
Intuitive 
High Not 
Intuitive 
Medium -1.5415 1.4698 -1.05 0.2943 0.9810 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 27.6402 9.2139 3.00 0.0027 0.0672 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -12.2771 12.3261 -1.00 0.3192 0.9864 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -0.3190 12.6342 -0.03 0.9799 1.0000 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 11.9581 10.9612 1.09 0.2753 0.9757 
 
  
Appendix J 304 
Table 28. Information (Outside-of-Point), AEF and intuitive use to Combined-
passenger Destinations: identifying significant differences. 
 
Conservative Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive Medium 69.3088  A  
    A  
Intuitive High 62.0785 B A  
   B A  
Partially 
Intuitive 
Low 41.1077 B A  
   B A  
Intuitive Low 29.7106 B A  
   B A  
Not 
Intuitive 
Low 29.1817 B A C 
   B A C 
Partially 
Intuitive 
Medium 29.1497 B A C 
   B  C 
Partially 
Intuitive 
High 28.8306 B D C 
    D C 
Not 
Intuitive 
Medium 1.5415  D C 
    D  
Not 
Intuitive 
High -266E-17  D  
The LINES display does not reflect all significant comparisons. The following additional pairs are 
significantly different: (Intuitive Medium,Intuitive Low), (Intuitive Medium,Not Intuitive Low), (Partially 
Intuitive Medium,Not Intuitive Medium). 
 
Table 29. Personal Items and intuitive use to Combined-passenger Destinations, all 
participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
36.3089 11.7595 3.09 0.0020 0.0057 
Intuitive Partially 
Intuitive 
41.6007 9.2328 4.51 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
5.2918 6.6704 0.79 0.4276 0.7071 
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Table 30. Personal Items and intuitive use to Combined-passenger Destinations, all 
participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 50.4143 A 
   
Not Intuitive 14.1054 B 
  B 
Partially Intuitive 8.8136 B 
 
Table 31. Personal Items, AEF and intuitive navigation to Combined-passenger 
Destinations: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 47.0803 17.8785 2.63 0.0085 0.1727 
Intuitive High Intuitive Medium 53.9884 15.6345 3.45 0.0006 0.0162 
Intuitive Low Intuitive Medium 6.9081 17.8924 0.39 0.6994 1.0000 
Not 
Intuitive 
High Not 
Intuitive 
Low -30.6095 16.8953 -1.81 0.0700 0.6745 
Not 
Intuitive 
High Not 
Intuitive 
Medium 6.0038 8.0290 0.75 0.4546 0.9981 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 36.6133 15.1432 2.42 0.0156 0.2740 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -13.0617 7.0790 -1.85 0.0650 0.6518 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -14.5377 6.8843 -2.11 0.0347 0.4651 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium -1.4760 9.8745 -0.15 0.8812 1.0000 
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Table 32. Personal Items, AEF and intuitive navigation to Combined-passenger 
Destinations: identifying significant differences. 
Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 82.7648  A 
    A 
Not Intuitive Low 38.7538 B A 
   B A 
Intuitive Low 35.6845 B A 
   B  
Intuitive Medium 28.7764 B  
   B  
Partially Intuitive Medium 14.5377 B  
   B  
Partially Intuitive Low 13.0617 B  
   B  
Not Intuitive High 8.1443 B  
   B  
Not Intuitive Medium 2.1405 B  
   B  
Partially Intuitive High 0 B  
 
Table 33. Similar Point Elements and intuitive navigation to Combined-passenger 
Destinations, all participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
45.9829 10.4347 4.41 <.0001 <.0001 
Intuitive Partially 
Intuitive 
29.5937 13.1642 2.25 0.0246 0.0634 
Not 
Intuitive 
Partially 
Intuitive 
-16.3892 8.9162 -1.84 0.0660 0.1572 
 
Table 34. Similar Point Elements and intuitive navigation to Combined-passenger 
Destinations, all participants. 
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Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 58.5256  A 
   A 
Partially Intuitive 28.9318 B A 
  B  
Not Intuitive 12.5426 B  
 
Table 35. Similar Point Elements, AEF and intuitive navigation to Combined-
passenger Destinations: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 64.9278 12.1849 5.33 <.0001 <.0001 
Intuitive High Intuitive Medium 20.0475 14.1493 1.42 0.1565 0.8918 
Intuitive Low Intuitive Medium -44.8803 13.7175 -3.27 0.0011 0.0296 
Not 
Intuitive 
High Not 
Intuitive 
Low -10.0364 11.6511 -0.86 0.3890 0.9948 
Not 
Intuitive 
High Not 
Intuitive 
Medium -3.3144 10.6506 -0.31 0.7557 1.0000 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 6.7220 13.0322 0.52 0.6060 0.9999 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -54.8914 13.1693 -4.17 <.0001 0.0010 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -16.7331 12.1120 -1.38 0.1671 0.9051 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 38.1583 14.6050 2.61 0.0090 0.1811 
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Table 36. Similar Point Elements, AEF and intuitive navigation to Combined-
passenger Destinations: identifying significant differences. 
Conservative Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 83.1904  A 
    A 
Intuitive Medium 63.1429 B A 
   B A 
Partially Intuitive Low 63.0501 B A 
   B  
Partially Intuitive Medium 24.8917 B C 
   B C 
Not Intuitive Low 18.6874 B C 
   B C 
Intuitive Low 18.2626 B C 
   B C 
Not Intuitive Medium 11.9654 B C 
    C 
Not Intuitive High 8.6510  C 
    C 
Partially Intuitive High 8.1586  C 
The LINES display does not reflect all significant comparisons. The following additional pairs are significantly 
different: (Intuitive Medium, Intuitive Low), (Partially Intuitive Low, Not Intuitive Medium). 
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Appendix K 
Results for Signage/Non-signage and Mixed (Signage and Non-signage) Elements 
 
Use of Signage/Non-signage and Mixed Elements to Flight-defined 
Destinations 
Table 1. Navigation to Flight-defined Destinations using Signage/Non-signage and 
Mixed Elements for all participants: z and p values. 
Differences of signage Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
signage signage Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Mixed Not 
Signage 
-19.3933 2.3433 -8.28 <.0001 <.0001 
Mixed Personal 
Items 
-3.9930 1.0180 -3.92 <.0001 0.0008 
Mixed Signage -52.0430 2.8255 -18.42 <.0001 <.0001 
Mixed Unclear -2.0254 1.0766 -1.88 0.0599 0.3274 
Not 
Signage 
Personal 
Items 
15.4003 2.0455 7.53 <.0001 <.0001 
Not 
Signage 
Signage -32.6497 4.2548 -7.67 <.0001 <.0001 
Not 
Signage 
Unclear 17.3679 2.1608 8.04 <.0001 <.0001 
Personal 
Items 
Signage -48.0500 2.9603 -16.23 <.0001 <.0001 
Personal 
Items 
Unclear 1.9676 1.0838 1.82 0.0695 0.3646 
Signage Unclear 50.0176 2.9026 17.23 <.0001 <.0001 
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Table 2. Navigation to Flight-defined Destinations using Signage/Non-signage and 
Mixed Elements for all participants: identifying significant differences. 
Tukey-Kramer Grouping for signage Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
signage Estimate  
Signage 56.5521  A 
    
Not Signage 23.9023  B 
    
Personal Items 8.5021  C 
   C 
Unclear 6.5345 D C 
  D  
Mixed (Signage/Not Signage) 4.5091 D  
 
Table 3. Non-signage Elements and intuitive use to Flight-defined Destinations, all 
participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
72.9939 5.5201 13.22 <.0001 <.0001 
Intuitive Partially 
Intuitive 
65.6635 5.2203 12.58 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
-7.3304 3.2007 -2.29 0.0220 0.0572 
 
Table 4. Non-signage Elements and intuitive use to Flight-defined Destinations, all 
participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 79.5525 A 
   
Partially Intuitive 13.8890 B 
  B 
Not Intuitive 6.5586 B 
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Table 5. AEF and Intuitive use of Non-signage Elements to Flight-defined 
Destinations: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 10.2380 8.0938 1.26 0.2059 0.9414 
Intuitive High Intuitive Medium 1.3683 8.2617 0.17 0.8685 1.0000 
Intuitive Low Intuitive Medium -8.8697 7.5067 -1.18 0.2374 0.9605 
Not 
Intuitive 
High Not 
Intuitive 
Low -4.4442 6.6906 -0.66 0.5065 0.9992 
Not 
Intuitive 
High Not 
Intuitive 
Medium 1.7059 5.4200 0.31 0.7530 1.0000 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 6.1500 6.0993 1.01 0.3133 0.9852 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -5.7939 5.1408 -1.13 0.2597 0.9703 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -3.0742 5.4329 -0.57 0.5715 0.9997 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 2.7197 5.0655 0.54 0.5913 0.9998 
 
  
Appendix K 312 
Table 6. AEF and Intuitive use of Non-signage Elements to Flight-defined 
Destinations: identifying significant differences. 
Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 82.7843 A 
   A 
Intuitive Medium 81.4160 A 
   A 
Intuitive Low 72.5463 A 
    
Partially Intuitive Low 17.0106 B 
   B 
Partially Intuitive Medium 14.2909 B 
   B 
Partially Intuitive High 11.2167 B 
   B 
Not Intuitive Low 10.4431 B 
   B 
Not Intuitive High 5.9989 B 
   B 
Not Intuitive Medium 4.2931 B 
 
Table 7. Intuitive use of Signage Elements to Flight-defined Destinations, all 
participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
45.2735 7.3420 6.17 <.0001 <.0001 
Intuitive Partially 
Intuitive 
36.6181 6.9318 5.28 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
-8.6554 3.4354 -2.52 0.0118 0.0315 
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Table 8. Intuitive use of Signage Elements to Flight-defined Destinations, all 
participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 60.6305 A 
   
Partially Intuitive 24.0124 B 
   
Not Intuitive 15.3570 C 
 
Table 9. Intuitive use of Signage Elements to Flight-defined Destinations and AEF: z 
and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 41.9823 7.3026 5.75 <.0001 <.0001 
Intuitive High Intuitive Medium 21.7640 8.7817 2.48 0.0132 0.2424 
Intuitive Low Intuitive Medium -20.2183 8.5899 -2.35 0.0186 0.3099 
Not 
Intuitive 
High Not 
Intuitive 
Low -22.5302 6.0020 -3.75 0.0002 0.0055 
Not 
Intuitive 
High Not 
Intuitive 
Medium -15.6995 5.5888 -2.81 0.0050 0.1126 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 6.8307 7.4660 0.91 0.3602 0.9922 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -19.4522 6.2104 -3.13 0.0017 0.0456 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -6.0645 5.4333 -1.12 0.2643 0.9720 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 13.3876 5.4035 2.48 0.0132 0.2428 
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Table 10. Intuitive use of Signage Elements to Flight-defined Destinations and AEF: 
identifying significant differences. 
Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 79.8060  A  
    A  
Intuitive Medium 58.0420 B A  
   B   
Intuitive Low 37.8236 B C  
   B C  
Partially 
Intuitive 
Low 36.0537 B C  
    C  
Not Intuitive Low 26.1227 D C  
   D C  
Partially 
Intuitive 
Medium 22.6661 D C  
   D C  
Not Intuitive Medium 19.2920 D C E 
   D  E 
Partially 
Intuitive 
High 16.6015 D  E 
     E 
Not Intuitive High 3.5925   E 
 
Table 11. Intuitive use of Mixed Elements (Signage and Not Signage) to Flight-
defined Destinations, all participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
67.8232 8.4534 8.02 <.0001 <.0001 
Intuitive Partially 
Intuitive 
65.7755 8.6337 7.62 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
-2.0478 3.5582 -0.58 0.5649 0.8332 
 
Table 12. Intuitive use of Mixed Elements (Signage and Not Signage) to Flight-
defined Destinations, all participants: identifying significant differences. 
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Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 70.0885 A 
   
Partially Intuitive 4.3130 B 
  B 
Not Intuitive 2.2652 B 
 
Table 13. Intuitive use of Mixed Elements (Signage and Not Signage) to Flight-
defined Destinations and AEF: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 18.7219 21.3725 0.88 0.3810 0.9942 
Intuitive High Intuitive Medium -6.4191 16.7472 -0.38 0.7015 1.0000 
Intuitive Low Intuitive Medium -25.1410 19.4068 -1.30 0.1952 0.9330 
Not 
Intuitive 
High Not 
Intuitive 
Low -8.4946 7.9460 -1.07 0.2850 0.9786 
Not 
Intuitive 
High Not 
Intuitive 
Medium 0 . . . . 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 8.4946 7.9460 1.07 0.2850 0.9786 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -178E-17 . . . . 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -11.7627 6.6681 -1.76 0.0777 0.7061 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium -11.7627 6.6681 -1.76 0.0777 0.7061 
 
No significant differences between the AEF groups for intuitive use of Mixed 
Elements (Signage and Not Signage) and AEF. Therefore a table for Differences of 
Intuition Least Squares Means/ Adjustment for Multiple Comparison: Tukey-Kramer  
was not generated. 
Use of Signage/Non-signage and Mixed Element to Combined-passenger 
Destinations 
Table 14. Navigation to Combined-passenger Destinations using Signage/Non-
signage and Mixed Elements, all participants: z and p values. 
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Differences of signage Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
signage signage Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Mixed Not 
Signage 
-7.6876 2.9114 -2.64 0.0083 0.0632 
Mixed Personal 
Items 
19.6669 3.2639 6.03 <.0001 <.0001 
Mixed Signage 9.8235 3.7439 2.62 0.0087 0.0661 
Mixed Unclear 30.4335 1.8229 16.70 <.0001 <.0001 
Not 
Signage 
Personal 
Items 
27.3545 4.0863 6.69 <.0001 <.0001 
Not 
Signage 
Signage 17.5111 4.4903 3.90 <.0001 0.0009 
Not 
Signage 
Unclear 38.1211 2.5237 15.11 <.0001 <.0001 
Personal 
Items 
Signage -9.8434 3.0629 -3.21 0.0013 0.0115 
Personal 
Items 
Unclear 10.7666 2.0573 5.23 <.0001 <.0001 
Signage Unclear 20.6100 2.4340 8.47 <.0001 <.0001 
 
Table 15. Navigation to Combined-passenger Destinations using Signage/Non-
signage and Mixed Elements, all participants: identifying significant differences. 
Tukey-Kramer Grouping for signage Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
signage Estimate  
Not Signage 38.1349  A 
   A 
Mixed 30.4472 B A 
  B  
Signage 20.6238 B  
    
Personal Items 10.7804  C 
    
Unclear 0.01375  D 
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Table 16. Intuitive use of Non-signage Elements to Combined-passenger 
Destinations, all participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
65.3490 6.5452 9.98 <.0001 <.0001 
Intuitive Partially 
Intuitive 
54.5090 7.9834 6.83 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
-10.8400 3.9121 -2.77 0.0056 0.0154 
 
Table 17. Intuitive use of Non-signage Elements to Combined-passenger 
Destinations, all participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 73.2860 A 
   
Partially Intuitive 18.7770 B 
   
Not Intuitive 7.9370 C 
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Table 18. Not Signage, intuitive navigation to Combined-passenger Destinations and 
AEF: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 39.9731 10.0607 3.97 <.0001 0.0023 
Intuitive High Intuitive Medium 11.9955 7.9316 1.51 0.1304 0.8502 
Intuitive Low Intuitive Medium -27.9776 10.2820 -2.72 0.0065 0.1403 
Not 
Intuitive 
High Not 
Intuitive 
Low -10.7288 6.9342 -1.55 0.1218 0.8330 
Not 
Intuitive 
High Not 
Intuitive 
Medium -0.2263 4.4745 -0.05 0.9597 1.0000 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 10.5025 6.3086 1.66 0.0960 0.7682 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -29.2443 7.5765 -3.86 0.0001 0.0036 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -11.7691 6.1320 -1.92 0.0549 0.6002 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 17.4751 8.6188 2.03 0.0426 0.5239 
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Table 19. Not Signage, intuitive navigation to Combined-passenger Destinations and 
AEF: identifying significant differences. 
Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 88.3438  A 
    A 
Intuitive Medium 76.3483 B A 
   B  
Intuitive Low 48.3707 B C 
    C 
Partially Intuitive Low 35.9075  C 
    C 
Partially Intuitive Medium 18.4323 D C 
   D C 
Not Intuitive Low 15.7218 D C 
   D  
Partially Intuitive High 6.6632 D  
   D  
Not Intuitive Medium 5.2193 D  
   D  
Not Intuitive High 4.9930 D  
 
Table 20. Intuitive use of Signage Elements to Combined-passenger Destinations, all 
participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
47.7512 8.6085 5.55 <.0001 <.0001 
Intuitive Partially 
Intuitive 
23.8767 10.6631 2.24 0.0251 0.0648 
Not 
Intuitive 
Partially 
Intuitive 
-23.8745 6.0710 -3.93 <.0001 0.0002 
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Table 21. Intuitive use of Signage Elements to Combined-passenger Destinations, all 
participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 56.0982 A 
  A 
Partially Intuitive 32.2215 A 
   
Not Intuitive 8.3470 B 
 
Table 22. Signage Elements, intuitive navigation to Combined-passenger 
Destinations and AEF: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 32.3679 14.2181 2.28 0.0228 0.3564 
Intuitive High Intuitive Medium -7.2304 13.9669 -0.52 0.6047 0.9999 
Intuitive Low Intuitive Medium -39.5983 12.2828 -3.22 0.0013 0.0344 
Not 
Intuitive 
High Not 
Intuitive 
Low -29.1817 9.0959 -3.21 0.0013 0.0361 
Not 
Intuitive 
High Not 
Intuitive 
Medium -1.5415 1.4698 -1.05 0.2943 0.9810 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 27.6402 9.2139 3.00 0.0027 0.0672 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -12.2771 12.3261 -1.00 0.3192 0.9864 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -0.3190 12.6342 -0.03 0.9799 1.0000 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 11.9581 10.9612 1.09 0.2753 0.9757 
 
  
Appendix K 321 
Table 23. Signage Elements, intuitive navigation to Combined-passenger 
Destinations and AEF: identifying significant differences. 
Conservative Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive Medium 69.3088  A  
    A  
Intuitive High 62.0785 B A  
   B A  
Partially Intuitive Low 41.1077 B A  
   B A  
Intuitive Low 29.7106 B A  
   B A  
Not Intuitive Low 29.1817 B A C 
   B A C 
Partially Intuitive Medium 29.1497 B A C 
   B  C 
Partially Intuitive High 28.8306 B D C 
    D C 
Not Intuitive Medium 1.5415  D C 
    D  
Not Intuitive High -266E-17  D  
The LINES display does not reflect all significant comparisons. The following additional pairs are significantly 
different: (Intuitive Medium, Intuitive Low), (Intuitive Medium, Not Intuitive Low), (Partially Intuitive Medium, 
Not Intuitive Medium). 
 
Table 24. Intuitive navigation to Combined-passenger Destinations using Mixed 
Elements, all participants: z and p values. 
Differences of Intuition Least Squares Means 
Adjustment for Multiple Comparisons: Tukey-Kramer 
Intuition Intuition Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive Not 
Intuitive 
53.5418 8.7570 6.11 <.0001 <.0001 
Intuitive Partially 
Intuitive 
43.4482 9.4323 4.61 <.0001 <.0001 
Not 
Intuitive 
Partially 
Intuitive 
-10.0936 5.0966 -1.98 0.0477 0.1170 
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Table 25. Intuitive navigation to Combined-passenger Destinations using Mixed 
Elements, all participants: identifying significant differences. 
Tukey-Kramer Grouping for Intuition Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition Estimate  
Intuitive 65.6633 A 
   
Partially Intuitive 22.2152 B 
  B 
Not Intuitive 12.1215 B 
 
Table 27. Mixed Elements, intuitive navigation to Combined-passenger Destinations 
and AEF: z and p values. 
Differences of Intuition*AEF Least Squares Means 
Adjustment 
 for Multiple Comparisons: Tukey-Kramer 
Intuition AEF Intuition AEF Estimate 
Standard 
Error z Value Pr > |z| Adj P 
Intuitive High Intuitive Low 47.7556 12.4780 3.83 0.0001 0.0041 
Intuitive High Intuitive Medium 16.8983 10.4041 1.62 0.1043 0.7917 
Intuitive Low Intuitive Medium -30.8573 12.8486 -2.40 0.0163 0.2828 
Not 
Intuitive 
High Not 
Intuitive 
Low -21.1537 8.5266 -2.48 0.0131 0.2412 
Not 
Intuitive 
High Not 
Intuitive 
Medium -13.4038 6.3711 -2.10 0.0354 0.4705 
Not 
Intuitive 
Low Not 
Intuitive 
Medium 7.7499 10.4324 0.74 0.4576 0.9982 
Partially 
Intuitive 
High Partially 
Intuitive 
Low -26.6019 9.8914 -2.69 0.0072 0.1514 
Partially 
Intuitive 
High Partially 
Intuitive 
Medium -3.4945 8.0081 -0.44 0.6626 1.0000 
Partially 
Intuitive 
Low Partially 
Intuitive 
Medium 23.1075 9.3384 2.47 0.0133 0.2444 
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Table 28. Mixed Elements, intuitive navigation to Combined-passenger Destinations 
and AEF: identifying significant differences. 
Tukey-Kramer Grouping for Intuition*AEF Least Squares Means (Alpha=0.05) 
LS-means with the same letter are not significantly different. 
Intuition AEF Estimate  
Intuitive High 84.5942  A 
    A 
Intuitive Medium 67.6959 B A 
   B  
Partially Intuitive Low 40.4419 B C 
   B C 
Intuitive Low 36.8386 B C 
    C 
Not Intuitive Low 22.7195 D C 
   D C 
Partially Intuitive Medium 17.3345 D C 
   D C 
Not Intuitive Medium 14.9696 D C 
   D C 
Partially Intuitive High 13.8400 D C 
   D  
Not Intuitive High 1.5658 D  
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Appendix L 
Visualisation of Location-defined Elements at Brisbane International 
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Appendix M 
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Figure 13.1 Use of Location-defined Elements to and through security by all participants at Melbourne International Airports. 
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Figure 13.2 Use of Location-defined Elements used navigating to the boarding gate by all participants at Melbourne International Airport. 
 
